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Relationship Between Molecular Configuration and 
Tensile Properties of Protein Fibers“ 


G. C. Nutting, M. Halwer, M. J. Copley, and F. R. Senti 
Eastern Regional Research Laboratory,+ Philadelphia 


Ir has been demonstrated that globular proteins can 
be changed into the extended, quasi-crystalline molec- 
ular form typical of natural fibrous proteins and that 
the change produces a notable increase in fiber tenac- 
ity [1, 2, 3]. To show more fully the effect of al- 
tered molecular configuration on mechanical proper- 
ties of protein fibers, data are presented in this paper 
on stress-strain characteristics—strength, elongation, 
stiffness, toughness, and elasticity—of one globular 
protein (ovalbumin) and the fibrous proteins keratin, 
silk fibroin,t and collagen, in corresponding con- 
figurational states. Ovalbumin was chosen as the 
most suitable globular protein, because of the especial 
ease and completeness with which its molecules can 
be given a linear configuration. Comparison of its 
tensile properties with those of keratin was particu- 
larly sought since diffraction patterns of oriented 
globular proteins and stretched (beta-) keratin prove 
the near identity of their spatial arrangement. Ten- 
sile tests were made on keratin in its normal, some- 
What folded (alpha-) configuration; in its fully ex- 
tended, beta-keratin form; and after supercontraction 
as disoriented keratin. Collagen and fibroin fila- 


* Parts of this paper were presented at meetings in Phila- 
delphia of the American Chemical Society, June 13, 1945, 
and The Fiber Society, February 28, 1946. 

7+ One of the laboratories of the Bureau of Agricultural 
and Industrial Chemistry, United States Department of 
Agriculture. 

t Hereafter the term “fibroin” will be used. 
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ments were tested in the ordinary, fibrous condition, 
and also after disorientation by contraction. 


Materials and Experimental Procedures 


Ovalbumin, prepared from the whites of fresh eggs 
by the method of Sgrenson and Hgyrup [4], was 
mixed with half its weight of distilled water, kneaded 
into a plastic mass, extruded through a 13 mil die, 
and denatured by boiling 4% hour in distilled water. 
Orientation was achieved by stretching the denatured 
filaments in steam. The stretched fibers were re- 
laxed by immersing several hours in water at 25°C. 
No formaldehyde or other chemical after-treatment 
was given. Fiber diameters ranged from 150 to 400 
microns. 

Wool, mohair, and horsehair * were the keratin 
The wool was a high-grade 62s blend, 
received in the form of top. The mohair ranged in 
diameter from 23 to 34 microns. The horsehair used 
for most of the tests was black, with diameter 90 to 
170 microns, averaging 125. White, violin-bow 
horsehair was generally unsuitable, since most of 
the filaments had a low cystine content and contracted 
spontaneously in boiling water, owing probably to 


fibers used. 


* The authors would like to thank Dr. Werner von 
3ergen of the Forstmann Woolen Co., Passaic, N. J., for 
supplying the wool sample; Dr. A. C. Whitford of S. 
Stroock & Co., Newburgh, N. Y., for supplying the mohair ; 
and the Frederick H. Cone Co., New York, for supplying 
the horsehair. 
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photochemical damage while still on the animal. 
Selected, undamaged hairs, however, were used for 
the load-elongation experiments reported below, the 
black hair being too short for this purpose. All the 
keratin samples were washed successively in alcohol, 
ether, and water. 

The collagen was U.S.P. size 5-0 surgical gut. It 
consisted of a single strand with a twist of two turns 
per inch. It had received no hardening or tanning 
treatment but had been stretched during manufacture. 

The fibroin was U.S.P. size 000 suture silk. Each 
strand consisted of three plies twisted together, each 
ply being composed of about 100 filaments 10 mi- 
crons in diameter. For these tests the strands were 
separated into their component plies. 

Horsehair was converted into the beta-keratin form 
by stretching to relative length * (r.l.) 1.70 in steam 
and “set” by steaming 3 hours in the stretched state 
to stabilize it against water at room temperature. 
After the fibers had been cut out of the stretching 
clamp, they were relaxed by soaking for. several hours 
in water at room temperature. During relaxation, 
the fibers contracted until the final r.l. was 1.63. To 
determine the effect of steaming in the stretched state, 
horsehair was converted into the beta-keratin form 


without steaming by stretching to r.J. 1.50 in cold ' 


water. Since these fibers were not set, it was neces- 
sary that they be tested without being relaxed. The 
results thus obtained gave a measure of the maximum 
strength obtainable from horsehair in the beta-kera- 
tin form, since the deleterious effect of steam and 
the disorientation produced by relaxing were elimi- 
nated. 

Wool was put into the beta-keratin form by mount- 
ing small parallelized bundles in clamps and stretch- 
ing to r.l. 1.50 in cold water and was then set by 
steaming 3 hours while stretched. The fibers were 
relaxed in water at room temperature. The final r.l. 
was 1.41. 

Mohair was stretched to r.l. 1.80 in steam and set 
by steaming one hour. The stretched fibers were 
relaxed as above. The final r.l. was 1.67. Mohair 
was selected because its length, uniformity of di- 


* Relative length (r.l.) = final length/initial length. In 
the experiments described there was usually concurrent 
change in molecular orientation and fiber length. Sometimes 
the fiber was stretched and subsequently contracted to less 
than its unstretched length, making inappropriate such con- 
ventional descriptions as “percent stretch” or “draw ratio.” 
To indicate the dimensional changes we have chosen to use 
the somewhat cumbersome term “relative length.” By this 


is meant the ratio of the final fiber length to the initial length 
in a particular series of operations. 
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ameter, and freedom from medullation make it par- 
ticularly suitable for single-fiber tests. Thus it can 
be compared with horsehair more readily than can 
wool, whose nonuniform diameter makes it inapt for 
single-fiber tests. A comparison between horsehair 
and mohair was necessary to establish the influence, 
if any, of fiber diameter on the properties studied. 
Wool and horsehair were supercontracted by modi- 
fications of methods developed by Speakman [5] and 
Astbury [6]. Wool was supercontracted by stretch- 
ing parallelized bundles 50 percent in cold water, 
steaming 3 minutes while stretched, releasing and 
steaming one hour further. The final r.l. was 0.75. 
Horsehair was stretched 40 percent in cold water, 
then boiled 3 minutes in an 0.05M phosphate buffer 
of pH 8.0 (measured at 25°C). The fibers were now 
released from the clamp, boiled 4% hour in the buffer, 
washed in distilled water, and dried. The average 
supercontraction was 21 percent, corresponding to 
r.1. 0.79. When stretched horsehair was steamed, as 
was the wool, supercontraction was nonreproducible. 
The variability was found to be a pH effect and was 
eliminated by substitution of buffer solution for steam. 
Collagen and fibroin were tested in two stages of 
orientation. The higher stage was that of the ma- 
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terials as received. The samples could be stretched 
only a little before breaking, except following drastic 
chemical treatment, and their orientation could not 
be much improved. A lower stage of orientation 
was induced by contraction. This was easily done 
for collagen by immersing the fiber in water at 70°C 
for 30 seconds, an average contraction to r.l. 0.54 
being obtained. Fibroin was contracted to r.l. 0.54 
by immersing it for 90 seconds in 8.42 M HCl at room 
temperature. It was washed in water, followed by 
1 percent sodium acetate, and again by water. The 
concentration of acid required to produce contraction 
was remarkably critical. Thus, 8.00M HCl pro- 
duced no contraction, whereas a concentration of 
8.42M produced a contraction of 46 percent. Differ- 
ent acids showed different minimum concentrations 
below which contraction did not occur, but all agreed 
in the sharpness of the minimum. A more complete 
account of this phenomenon is in preparation. 

In all cases in which a change in orientation was 
produced as a result of dimensional change, control 
saniples were prepared in which changes in orientation 
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Fic. 3. Effect of orientation on load-elongation curves 
of fibroin and collagen. 


were minjmized by keeping the fibers clamped at 


their original length. In every other respect, the 
controls received the same treatment as the experi- 
mental samples. 

To determine to what degree the disorientation 
process can be reversed, the contracted forms of 
horsehair and collagen were restretched. Horsehair 
was contracted to r.l. 0.74, stretched in steam to r.]. 
1.78, steamed 3 hours while stretched, then relaxed 
in water. The final r.l. was 1.68. Thus, the re- 
oriented horsehair was at approximately the same ex- 
tension as the samples which had been stretched 
without prior supercontraction. Catgut, contracted to 
r.l. 0.54, was stretched to r.l. 1.19 in water at 50°C. 
After drying in the clamps, the fibers were relaxed 
in the free state to constant length in water at room 
temperature. Their final r.l. was 0.95. 

Appropriate control samples were prepared for 
the reoriented horsehair, but not for the reoriented 
collagen. Instead, the same controls which had for- 
merly been prepared for the contracted samples were 

















TABLE I. ErFrect oF ORIENTATION ON TENSILE 
PROPERTIES OF OVALBUMIN FIBERS 

Relative Tenacity Wet/dry 

length (g./den.) tenacity ratio Flexibility 
1.0 0.60 0.28 0.77 
2.4 0.89 0.44 0.81 
4.2 1.14 0.54 0.37 
5.8 1.44 0.52 0.23 





used, on the assumption that a brief exposure to water 
at 50°C was unlikely to produce appreciable change 
in fibers which had already been exposed at 70°C. 

In all cases, the effectiveness of the various treat- 
ments in changing molecular orientation was deter- 
mined from x-ray diffraction patterns of the product. 
Diffraction results are discussed below. 

Tenacities were measured with a Scott IP-2 test- 
ing machine at 70°F and 65 percent R.H. Values 
reported are the mean of ten tests. Samples were 
permitted at least 16 hours to reach moisture equilib- 
rium before testing. Deniers of the mohair fibers 
were determined microscopically and for all other 
fibers by weighing a measured length. Single fibers 
of horsehair, mohair, collagen, and ovalbumin were 
tested. A modified A.S.T.M. bundle test, similar 
to that of Peterson et al. [7], was used for wool. 
For fibroin, strands consisting of about 100 fila- 
ments with a twist of five turns per inch were used. 
Wet tenacities were determined immediately after 
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soaking the fibers in distilled water at room tempera- 
ture for one-half to one hour. Knot strengths were 
measured by tying a simple overhand knot in the 
fiber and then determining the breaking strength. 
The ratio of the knot strength to the straight-pull 
strength is reported as “flexibility.” * 


Strength and Flexibility Measurements 


Results of tenacity tests are given in Tables I and 
II and may be summarized as follows. For oval- 
bumin the dry tenacity increased regularly from 0.6 
g./den. at r.l. 1 to 1.44 g./den. at r.1. 5.8. (By rl. 3, 
incipient resolution of the diffraction pattern into arcs 
demonstrated partial orientation of peptide chains 
parallel to the direction of drawing, and at r.l. 6 the 
beta-keratin structure was fully developed.) On 
stretching, the flexibility appeared to increase at 
first, then decreased markedly, so that at r.l. 5.8 the 
knot tenacity was only 0.3 g./den. A similar relation 
between stretch, tenacity, and flexibility was ob- 
served by McMeekin et al. [8], who worked with 
quinone-hardened casein filaments. This is notable 
because it implies molecular orientation even though 


* The knot test gives a measure of the diminution in 
strength when a fiber is bent over a small mandrel. The 
test is complex, involving elements of tension, compression, 
and shear, and is correspondingly difficult to analyze, but, 
especially when the knot strength is divided by the ordinary 
tensile strength, it provides a useful index of fiber brittleness. 











TABLE II. Errect oF ORIENTATION ON TENSILE PROPERTIES OF NATURAL PROTEIN FIBERS 








Test No. Material and treatment 
1 Horsehair, untréated (alpha) 
2a Horsehair, stretched, steamed (beta) 
2b Horsehair, control for 2a (alpha) 
3a Horsehair, supercontracted 
3b Horsehair, control for 3a (alpha) 
4a Horsehair, reoriented (beta) 
Ab Horsehair, control for 4a (alpha) 
5 Horsehair, stretched, not steamed (beta) 
6 Wool, untreated (alpha) 
7a Wool, stretched, steamed (beta) 
7b Wool, control for 7a (alpha) 
8a Wool, supercontracted 
8b Wool, control for 8a (alpha) 
9 Mohair, untreated (alpha) 
10a Mohair, stretched, steamed (beta) 
10b Mohair, control for 10a (alpha) 
11 Collagen, oriented 
12a Collagen, contracted 
12b Collagen, control for 12a and 13 
13 Collagen, reoriented 
14 Fibroin, oriented 
15a Fibroin, contracted 


Fibroin, control for 15a 


Relative Tenacity Wet/dry 
length (g./den.) tenacity ratio Flexibility 

1.00 1.46 0.87 0.62 
1.63 1.42 0.65 0.13 
1.00 122 0.79 0.62 
0.79 0.63 0.44 0.78 
1.00 1.27 0.70 0.58 
1.68 1.12 0.62 0.33 
1.00 LS 0.78 0.77 
1.50 2.06 — 0.27 
1.00 1.08 0.71 — 

1.41 1.08 0.66 — 

1.00 0.97 0.72 — 

0.75 0.46 0.39 — 

1.00 1.03 0.70 — 

1.00 1.44 — 0.87 
1.67 1.89 — 0.24 
1.00 1:32 — 0.87 
1.00 2.82 0.75 0.48 
0.54 1.05 0.60 0.76 
1.00 2.43 0.82 0.49 
0.95 1.77 0.59 0.54 
1.00 3.88 0.71 0.79 
0.54 1.44 0.67 1.00 
1.00 3.45 0.79 0.93 
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TABLE III. 


EFFECT OF ORIENTATION ON MECHANICAL PROPERTIES OF PROTEIN FIBERS, 


DEDUCED FROM LOAD-ELONGATION CURVES 








Ultimate 
elongation, 

2:2 

8.4 
33.8 
32.6 
17.8 
15.3 

3.5 
40.0 
12.9 
32.9 

9.1 
20.5 
21.9 


Relative 
Material and treatment length 
denatured 
stretched 
stretched 


stretched 


Ovalbumin, 
Ovalbumin, 
Ovalbumin, 
Ovalbumin, 
Ovalbumin, stretched 
Ovalbumin, stretched 
Horsehair, supercontracted 
Horsehair, untreated (alpha) 
Horsehair, stretched (beta) 
Fibroin, contracted 

Fibroin, oriented 

Collagen, contracted 
Collagen, oriented 


Stiffness* 
g./den. 
17.1 


Toughness 
index,t g./den. 
0.004 
0.02 
0.11 
0.15 
0.11 
0.09 
0.008 
0.28 
0.10 
0.17 
0.17 
0.08 
0.30 


Elasticity} 
% 
2.2 
3.0 
4.0 
3.0 
3.3 
3.4 
2.4 
4.1 
2.9 


Tenacity, 
% g./den. 
0.36 
0.43 
0.64 
0.92 
1.16 
1.17 
0.42 
1.40 
1.54 
0.98 
3.65 
0.76 
2.66 


—_ 


_ 
Qe NATTA WM UI 


Dom MAD OW 


= 
woo 
own 


2.6 


12.1 





* Stiffness = T/E, where T = tenacity in g./den. and E = ultimate elongation, expressed as a fraction of the original length. 


TE 


+ Toughness index 


t Elasticity = elongation up to yield point of load-elongation curve. 


the spatial order of the casein molecules is not perfect 
enough to give a fiber diffraction pattern comparable 
to that of ovalbumin. Wet tenacity of ovalbumin 
filaments rose with orientation from 0.17 to 0.75 
g./den. 

The keratins showed remarkably similar behavior. 
Thus alpha-keratin horsehair (1.22 g./den., test 2b, 
Table IL) when stretched and steam-set became 
beta-keratin with strength 1.42 g./den., wet/dry 
tenacity ratio 0.65, and flexibility 0.13 (test 2a). 
When the stretched horsehair was contracted to r.l. 
0.79 (test 3a), orientation as measured by diffraction 
was largely removed, the tenacity dropped to 0.63 g./ 
den. and the wet/dry tenacity ratio to 0.44, while 
flexibility increased to 0.78. Impairment of alpha- 
keratin, produced by a 3-hour steam treatment anal- 
ogous to that employed to stabilize the beta-keratin 
configuration, amounted to 0.24 g./den. (tests 1 and 
2b). The maximum average strength recorded was 
2.06 g./den., obtained by stretching horsehair to r.l. 
5 in water and letting the specimen dry while 
clamped (test 5). The usual practice of relaxing in 
‘old water could not, of course, be applied. Re- 
rientation of contracted horsehair (test 4a) raised 
the strength and decreased the flexibility as expected, 
mut the degree of orientation achieved was consider- 
ably less than in the initial preparation of beta-keratin 
stretching alpha-keratin. Data on wool (tests 6— 
8) and mohair (tests 9 and 10), while less complete, 
show similar effects of orientation on tensile prop- 
erties. The unexpectedly small increase in tenacity 





when wool was converted to the beta-keratin form 
(Table IT, tests 7a and 7b) might at first be taken to 
indicate that the rupture of wool under stress is due 
to slippage of cells rather than to slippage of protein 
chains. It seems more likely that the considerable 
difficulty experienced in making bundles for testing 
from stretched wool was responsible for the low 
strength. 

Oriented collagen, on contraction to r.l. 0.54, un- 
derwent a change in tenacity from 2.43 to 1.05 g./ 
den. (tests 12a and 12b). As with keratin, only 
partial reorientation was attained, with strength 
rising to 1.77 g./den. at r.1. 0.95 and flexibility dimin- 
ishing from 0.76 to 0.54. Analogous results on col- 
lagenous material have been obtained by Valko, 
Wohlisch, and others [9]. 

The tenacity of fibroin changed from 3.45 to 1.44 
g./den. on contraction to r.l. 0.54 in 8.4M HCl (tests 
15a and 15b). Especially noteworthy was the high 
initial flexibility, 0.93, since the degree of orientation 
was evidently somewhat higher than in even the best 
oriented specimens of collagen, keratin, and oval- 
bumin. 


Load-Elongation Properties 


Figure 1 shows typical load-elongation curves for 
ovalbumin fibers at several stages of orientation, while 
Figure 2 presents the curves for horsehair, and Fig- 
ure 3 for collagen and fibroin. In Table III average 
values for the tenacity and ultimate elongation are 
listed, together with the stiffness, the toughness in- 
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dex, and the elasticity.* The last three properties are 
also derived from the load-elongation curves and 
have been commended by Smith [10] for the char- 
acterization of fibrous materials. An IP-2 testing 
machine was used to obtain the curves. Owing to 
the wide range in denier and strength of the various 
fibers, it was impracticable to keep the rate of load- 
ing constant. For horsehair it varied from 1.0 to 2.7 
g. per denier per minute ; for mohair, 4.9 to 8.0; wool, 
1.6 to 1.8; ovalbumin, 0.7 to 1.8; collagen, 1.3 to 3.1; 
contracted fibroin, 1.6; oriented fibroin, approximately 
10. Specimens ranged from 7 to 18 inches in length, 
depending principally upon the extensibility of the 
material tested and the capacity of the machine. 
Ovalbumin. Shape changes of the ovalbumin 
curves with orientation are noteworthy. Unoriented 
fibers (r.l. 1) were incapable of supporting the stress 
required to produce flow during the test. The ex- 
tensibility was therefore only a few percent and con- 
sisted almost entirely of elastic elongation. A small 
amount of orientation (r.l. 1.35) strengthened the 
fiber sufficiently to permit flow, with a resultant sig- 
nificant increase in elongation at break. At r.l. 1.9 
elongation was maximal, but there was little rein- 
forcement during the flow process, indicating that the 
principal units of flow were micelles consisting of 
large groups of molecules. At r.l. 2.6, elongation 
| was still high and there was distinct reinforcement, 
which became pronounced at r.l. 4.6. This implies 
that the chief unit of flow in the latter case was the 
individual molecule. The molecules straighten out, 
pack more closely, and interact more strongly among 
themselves, with consequent reinforcement. At r.l. 
6.5 the shape of the curve was much the same as at 
r.l. 4.6. There was a sharp drop in elongation be- 
tween r.l. 2.6 and 4.6, corresponding to the change 
in the flow mechanism and to the partial straightening 
of chains produced by stretching. 
Comparison of Table III with Table I shows that, 
: except for the slightly stretched fibers, there is good 
correspondence between ultimate elongation and 
knot-strength flexibility. The large decrease in flexi- 
bility between r.1. 2.4 and 4.2 (Table I) was paralleled 
by the decrease in elongation between r.1. 2.6 and 4.6 
(Table III). Flexibility seems to be the more sen- 
sitive function of orientation. 
Tenacity values in Table III tend to be a little lower 
than those in Table I, a result to be expected from 
the greater length of the specimens employed. Both 





* Quantitative definitions of stiffness, toughness, and elas- 
ticity are given in Tabie III (footnotes). 
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the stiffness, which is related to the pliability of fal:ric 
woven from the fiber, and the toughness index, which 
is a measure of the fiber’s capacity to absorb work 
without breaking, were affected strongly by orieitta- 
tion. At rl. about 2.5, elongation, flexibility, and 
toughness were at a maximum, while stiffness was 
nearly minimal. Tenacity and wet strength were 
improved by further stretching, but only at the ex- 
pense of other desirable properties. The (Hooke’s 
law) elasticity was practically independent of the 
state of orientation. 

Keratin (Horsehair). The stress-strain curves 
for horsehair are similar to those for ovalbumin. 
Disoriented (supercontracted) horsehair, like un- 
oriented ovalbumin, was too weak to flow and broke 
after only slight elongation. The normal (alp/ia-) 
configuration resembled ovalbumin of r.]. 2.6 in hay- 
ing high extensibility, but showed more distinct re- 
inforcement. Stretched horsehair (beta-keratin) re- 
sembled highly stretched ovalbumin in the general 
form of its curve and in its sharply diminished elonga- 
tion at break. 

On comparing Table III with Table II (tests 1 and 
2a) it is evident that the large decrease in elongation 
that accompanied alpha- to beta-keratin conversion 
was matched by the drop in knot-strength flexibility. 
The analogy with ovalbumin is clear. The same is 
true of the contrast between the low elongation of 
supercontracted keratin and its high flexibility ratio 
(test 3a, Table II). Like ovalbumin, the elasticity 
of horsehair did not change much with the state of 
orientation. It is doubtful whether the differences 
observed are significant, in view of the difficulty of 
fixing the yield point exactly. The well-known 
long-range reversible elasticity to which alpha-kera- 
tin fibers owe so much of their value was not, of 
course, manifested in these tests. 

Collagen. Oriented collagen ‘gave a curve of the 
same general form as horsehair and oriented ovalbu- 
min. Contracted collagen, however, showed no rein- 
forcement, from which it appears that the unit of flow 
was the micelle. Since there was no definite yield 
point, no estimate of elasticity was made. The 
elongation of collagen was not much changed by con- 
traction. The increase in elongation which should 
result through folding of the linear molecules during 
contraction was offset by the weakening effect oi 
disorientation, causing the fiber to break before the 
molecules were fully extended. The better oriented 
form had a much greater toughness index than the 
contracted form. 
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Fic 4. Diffraction patterns of ovalbumin (A, B, C) and keratin (D, E, F) filaments. (A) Ovalbumin, 
=1 yee = 10.5; (C) oriented filament after boiling 8 hours in distilled water; (D) unoriented keratin pani 
hair), a-structure; (E) B-structure, rl. =1.7; (F) supercontracted, rl.=0.7. Ni-filtered Cu radiation; 2.5-cm. 
Specimen to film distance. Fiber axis vertical. 
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Fic. 5. Diffraction patterns of fibroin (A, B) and collagen (C,D) filaments. (A) Oriented fibroin, rl. =1; materi: 


(B) contracted fibroin, r.l.=0.5; (C) oriented collagen, r.l.=1; (D) contracted collagen, rl.=0.5.  Ni-filtered 


Cu radiation, 2.5-cm. specimen to film distance. Fiber axis vertical. hot wa 
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Fibroin. Neither oriented nor contracted fibroin of ovalbumin filaments. Figure 4A is the pattern of 
crystal 


showed a definite yield point. The elongation (9.1 a heat-denatured, unstretched preparation (r.l. 1). 
percent) found for oriented fibroin in this experi- The sharpness of the rings indicates a fair degree of 
ment was lower than the values usually given in crystallinity, and the distribution of the diffracting 
the literature. Appel [11], for example, gives the units with respect to the fiber axis is random. 
range of elongation of fibroin as 13-20 percent. Stretching in steam to r.l. 10.5 produced a high degree 
The combination of low elongation with high tenacity of orientation parallel to the direction of stretch Table 
produces a high stiffness value, but, because of the (Figure 4B), but, judging from the sharpness of the hbers 
limited elongation, the toughness index is relatively arcs, there was little change in crystallinity. The has litt 
low. crystallites or diffracting regions of highly oriented its valt 
ovalbumin are surprisingly stable toward boiling tracted 
water. Figure 4C is the pattern of a fiber, originally J $0"s! 
Primary indication of changes in configuration and at rl. 10.5, that had been boiled 8 hours in distilled of orier 
spatial order was by means of x-ray diffraction. water. Although the arcs are lengthened slightly and Birefri 
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crystallites have suffered little damage. Previous 
experience [3] indicates that such treatment with 
boiling water would result in longitudinal contraction 
of the fiber of roughly 35 percent and in a correspond- 
ing large loss in tensile strength. Both effects must 
have developed principally in noncrystalline regions. 

Figures 4D, E, and F show horsehair keratin in 
the alpha- form (r.l. 1), beta- form (r.l. 1.62), and 
supercontracted form (rl. 0.71). The practical 
identity of highly oriented ovalbumin and beta-kera- 
tin in their crystallite configuration is obvious. Ref- 
erence to the stretch given the two fibers (r.l. 1.62 
and 10.5) illustrates the far greater ease of orienta- 
tion of the keratins compared with ovalbumin. 
| Lacking the numerous cystine cross-bonds of kera- 
tin, molecules and micelles of ovalbumin fibers 
stretched in steam flow easily and only a minor part 
of the work of stretching is effective in securing fiber 
orientation. Supercontraction removed most but not 
all orientation. In Figure 4F there is slight con- 
centration of intensity in the inner (9.7 A.) ring in 
the equatorial direction. The pattern corresponds 
to ovalbumin stretched in steam to r.l. approximately 
1.5. Crystallinity is less, however, for the pattern 
is more diffuse and the 3.7 A. (outer) ring is not 
resolved. No counterpart of the alpha-keratin struc- 
ture has yet been reported for ovalbumin or other 
globular protein. 

Figure 5A is the fiber pattern of fibroin; Figure 
5B the pattern for fibroin contracted in 28M formic 
acid to r.l. 0.45. Figure 5C is the diffraction pattern 
of oriented collagen; Figure 5D is that of the same 
material contracted to r.l1. 0.63 by brief immersion in 
hot water. As with beta-keratin, contraction of both 
fibroin and collagen greatly diminished the degree of 
orientation, without changing the structure of the 
crystallites. 

Birefringence also measures molecular orientation, 
summing effects of both amorphous and crystalline 
components, and showing particular sensitivity for 
low and otherwise undetectable degrees of orientation. 
Table IV gives the birefringence of the six protein 
fibers with which we have worked. Beta-keratin 
has little higher birefringence than alpha-keratin, but 
its value is much greater than that for supercon- 
tracted keratin. While the birefringence of fibroin 
is considerably reduced on contraction, in both stages 
of orientation it is uniquely high among protein fibers. 
Birefringence of collagen is lowered almost 80 per- 
cent on contraction; its maximum value is the least 
of any of the fibers sufficiently oriented to give a well- 
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TABLE IV. 


BIREFRINGENCE OF PROTEIN FIBERS 


Fiber Relative length _ Birefringence 
Keratin 
Horsehair, alpha 
Horsehair, beta 
Horsehair, contracted 
Wool, alpha 
Wool, beta 
Wool, contracted 
Mohair, alpha 
Mohair, beta 
Fibroin, normal 
Fibroin, contracted 
Collagen, oriented 
Collagen, contracted 
Ovalbumin * 
Ovalbumin * 
Ovalbumin * 


8.6 x 10-8 
10.4 

2.0 
7.6 


On 


dN 


_ 


SSSWSwRS&RSeRUSRINS 
1 








* Data from reference [3], p. 205. 


defined fiber diffraction pattern. Orientation was 
in no case completely removed by contraction, for 
positive birefringence was measured in all fibers but 
unstretched ovalbumin. Residual birefringence in 
the contracted ovalbumin fiber whose diffraction pat- 
tern is shown in Figure 4C was 6.2 x 10°. This 
fiber, of initial r.J. 10.5, shrank 144 during 8 hours’ 
boiling. . 
Discussion 

Keratin fibers differ from the others in that they 
are cellular. In comparing them the assumption was 
necessarily made that the mechanical and rheological 
properties measured depend predominantly on intra- 
cellular material. Woods [12] had previously shown 
that the elasticity behavior of a single cortical cell 
of wool closely approximated that of the complete 
wool fiber. If there is an effect of cell structure on 
tensile properties, little evidence for it emerges from 
this study. 

Speakman [5] has attributed supercontraction in 
the keratins to the breakdown of disulfide cross-links 
and electrostatic bonds, and, permanent set to the 
breakage of these bonds with subsequent formation of 
new bonds. If this is correct, then the changes in 
properties observed on converting keratin to the beta- 
or to the supercontracted form could be due to chem- 
ical alteration as well as to changes in the state of 
orientation. Preliminary analyses for cystine and 
cysteine [13], however, revealed no significant dif- 
ferences in the amount of these substances in set and 
supercontracted keratin fibers as compared with the 
alpha-keratin controls. Work on this aspect of the 
problem is continuing. It should be noted in this con- 
nection that Patterson et al. [14] found that breaking 
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the cystine cross-links in wool, by reduction with thio- 
glycolic acid, produced little change in the dry tenacity. 
It is difficult to judge the effect of the broken electro- 
static bonds, since the proportion of these required 
to be broken in order to bring about supercontraction 
or permanent set is unknown. Moreover, it is to be 
expected that most of them would re-form when the 
stress which caused them to break was removed. 

As was stated in the introductory paragraph, 
among the dozen globular proteins that have been 
given linear form demonstrable by x-ray diffraction, 
ovalbumin is outstanding in the extent to which mo- 
lecular orientation and crystallinity can be produced 
in it. In the present work it has been shown that 
maximum orientation raises dry and wet tenacity, but 
not to the extent that they are comparable with fi- 
broin and collagen; and in achieving maximum ten- 
acity through maximum orientation other important 
fiber qualities—elongation, flexibility, toughness— 
are largely sacrificed. Dry tenacity of high-orienta- 
tion ovalbumin is about the same as that of keratin 
fibers. Wet tenacity is appreciably lower, but may 
be made equal by cross-linking with quinone or for- 
maldehyde. Oriented ovalbumin has not, in our ex- 
perience, shown any tendency to relax into a regularly 
coiled molecular configuration, and thus lacks the 
longe-range reversible extensibility that is so use- 
fully characteristic of the keratins. Fibroin and col- 
lagen are distinguished from ovalbumin by their 
flexibility at high orientation. From this difference, 
particularly, we infer a low effective molecular weight 
for ovalbumin [3]. Experiments have been begun 
to measure the effective molecular weight or poly- 
merization degree of the orienting units in this and 
other globular proteins. 


Summary 


1.Fibers compared were heat-denatured ovalbumin 
stretched up to 500 percent in steam but not hard- 
ened ; keratin (wool, mohair, horsehair) in the alpha-, 
beta-, and supercontracted states; fibroin in its nor- 
mal, oriented form, and after contraction by 8.4M 
HC1; collagen (surgical gut) when oriented and after 
contraction in hot water. 

2. X-ray diffraction patterns demonstrate the near 
identity of the spatial configuration of beta-keratin 
and highly stretched ovalbumin, and of supercon- 
tracted keratin and slightly stretched ovalbumin. 
Contraction of all the natural fibers is attended by 
serious loss of orientation, but lateral order or 
cystallinity in the diffracting units is little affected. 
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3. Positive birefringence shown by all the filers 
is considerably reduced on contraction but does not 
vanish, demonstrating a fair degree of residual orien- 
tation in the contracted fibers. Conversion of alpha- 
to beta-keratin produces only a small increase in 
birefringence. 

4. Wet and dry strength increase markedly with 
molecular orientation. Flexibility, as measured by 
knot tenacity, decreases. 

5. Changes in load-elongation properties of the 
fibers with orientation are shown. From load-elon- 
gation curves, values for elasticity, ultimate elonga- 
tion, stiffness, and toughness have been tabulated. 

6. Tensile properties of beta-keratin horsehair and 
maximally oriented and crystallized ovalbumin are 
remarkably similar. Tenacity increase in both fibers 
on maximum orientation is more than offset by un- 
favorable changes in toughness, stiffness, and elonga- 
tion. 
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Oxygen Balance in Hydrogen Peroxide Bleaching 


S. A. Simon and Arthur Drelich 


A contribution of the Research Division, Chicopee Manufacturing Corporation 


An experimental procedure for securing an oxygen balance is given using a typi- 


cal bleach formula with cotton. 


Data are graphically presented showing decom- 


position of peroxide, evolution of oxygen, and consumption of oxygen as func- 


tions of time. 
systems. 


Oxygen balance is suggested as a parameter for evaluating bleaching 
It is indicated that oxygen balance data in conjunction with data obtain- 


able by other known tests can provide an insight into bleaching otherwise not 


obtainable. 


Introduction 


In conventional bleaching practice cotton is sub- 
jected to one or more of the following purification 
procedures prior to the actual bleaching : desizing, de- 
mineralizing, and alkaline extraction. As a result 
of these operations a relatively high order of cellulosic 
purity may be obtained before any bleaching action is 
initiated. However, some of the remaining impuri- 
ties are sufficiently colored [1] so that their removal 
is essential where a high degree of whiteness is de- 
sirable. The attainment of this whiteness is a prin- 
cipal function of the bleaching process. 

The two principal commercial bleaching processes 
are commonly called the chlorine and peroxide proc- 
esses, respectively; both are oxidative in nature. 
Because peroxide in its commercially available state 
(as hydrogen peroxide or sodium peroxide) is rela- 
tively expensive, it becomes imperative to secure the 
maximum possible bleaching effect with a minimum 
of peroxide. Since there exist in cotton a number 
of materials capable of consuming the bleaching 
agent, it is essential to know the functions of these 
materials and the oxygen distribution among them. 
The determination of this oxygen balance has re- 
ceived little attention in the literature on hydrogen 
peroxide bleaching [2]. Consequently, in this paper 
a method will be described for determining oxygen 
balance, and the type of data secured from a typical 
bleaching solution of hydrogen peroxide will be 
illustrated. The method has general application but 
the data and interpretations presented apply spe- 
cifically to the cottons, solutions, and ratios of solu- 





tion to cotton described. The described ratios re- 
semble most closely those occurring in the kier- 
bleaching process. 

The exact mechanism by which bleaching takes 
place is still open for discussion in spite of the great 
amount of study expended on the kinetics of the de- 
composition of hydrogen peroxide solution alone. 
The responsibility for this situation lies in the hetero- 
geneous nature of the bleaching process, as well as 
the lack of certainty of the actual cotton constituents 
participating. However, the daily production of 
commercially satisfactory bleached cottons attests to 
the existence of a practical over-all knowledge of 
bleaching. 

Control in the bleaching of cotton is secured 
through adjustment of the peroxide concentration, 
pH, total alkalinity, time-temperature relationships, 
the ratio of solution to cotton, and by the addition of 
certain catalysts. By suitably adjusting these con- 
ditions the properties of the bleaching solution and of 
the resultant product may be varied over a useful 
range. 


Theory 


The conventional bleaching system may be con- 
sidered as consisting of two distinct parts: first, the 
free peroxide solution in which oxygen is being re- 
leased independently of the cotton at a distance from 
it and, second, that portion of the solution in close 
contact with the colloidal cotton surface. In the latter 
instance the hydrogen peroxide may be decomposed 
either catalytically to liberate oxygen or by a chemical 
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reaction with cotton constituents in which oxygen is 
consumed. 

The common practice of determining the rate of 
peroxide decomposition, by titrating the bleaching 
solution, reveals nothing of the mechanism of bleach- 
ing. It will not differentiate the oxygen evolved by 
the solution in catalytic contact with the cotton from 
the oxygen being evolved by the free solution. Nor 
will this analysis determine the oxygen actually con- 
sumed in reaction with the cotton and its impurities. 
Since it is reasonable to believe that only the oxygen 
which is actually consumed by the reaction bleaches 
the cotton, it is apparent that attempting to determine 
the course of a bleaching operation merely by analyz- 
ing the solution for its peroxide content is futile. 
The situation is rendered more complex when it is 
realized that the various cotton constituents may be 
consuming oxygen at different rates and that some 
of the oxidation taking place may be in no way re- 
lated to the whitening process. While it is possible 


that oxygen being consumed by the cotton serves a 
useful function other than bleaching, it is known that 
under such conditions as high alkalinity and tempera- 
ture excessive consumption of oxygen is indicative of 


undesirable reactions [3]. Consequently, it is also 
desirable to know whether it is the cellulose or the 
impurities which are consuming the oxygen. 

Since it is not possible to bleach satisfactorily 
simply by introducing oxygen gas into the system, it 
is concluded that the oxygen evolved from the free 
bleach solution does not contribute to the whitening 
function and represents an undesirable side reaction 
to the whitening. Moreover, the oxygen evolved 
catalytically is not involved in the whitening func- 
tion. Therefore, only the oxygen consumed can be 
utilized for the obtaining of the bleaching effect. 
Furthermore, since the oxygen consumed may be 
reacting either with the cellulose or the noncellulosic 
substances, or both, the actual predominating course 
of the consumption reaction is a major factor along 
with the total amount of oxygen actually consumed. 
From considerations along this line it is possible to 
apportion the oxygen consumed to the following: (a) 
cellulose, (b) colorless impurities associated with 
cotton, and (c) colored substances present in cotton. 
Of these three possible consumption reactions, only 
the last is definitely desirable. The first is actually 
detrimental and may result in real injury if allowed 
to proceed too far. The second path does not di- 
rectly improve the whiteness of the cotton although 
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it may have some other commercial value. The 
third is beneficial only if the reaction products are 
rendered colorless or soluble in the bleaching solu- 
tion. Therefore, not only is it important to direct the 
largest possible proportion of the peroxide into con- 
sumption, but the course of the consumption reactions 
must be led along favorable paths. Adequate meth- 
ods for the detection and estimation of damage to 
cellulose [4] and for the measurement of degree of 
whiteness of cotton are in common use [5]. In this 
paper only the estimation of oxygen consumption 
will be considered. 

An over-all oxygen balance indicates only three 
possible points of oxygen distribution: first, oxygen 
remaining as undecomposed hydrogen peroxide; sec- 
ond, oxygen evolved from the solution as gaseous 
oxygen; and, third, oxygen consumed by the cotton 
in chemical combination. This statement may be 
summed up by the equation 


T=R+E+C, (1) 


where T represents the total initial oxygen introduced 
as H,O,, R represents the oxygen remaining in solu- 
tion as undecomposed 

peroxide, E represents 
the oxygen evolved as 
gaseous oxygen, and C 
represents the oxygen 
consumed by the cotton. 
T, R, and E can be 
determined experimen- 
tally. Since T—RF is 
the amount decomposed, 
D, then it follows that 
R=T-—D. _ Substitut- 
ing this value for / in 
equation (1), the follow- 
ing equation is obtained: 


C=D-E£. 


V olumescope. 





YECEMBER, 1946 


Experimental Plan 


The plan of the experiment in determining con- 
sumption, C, is based on the derived equation of oxy- 
gen balance, C= D—E. Values for D, the amount 
decomposed, and £, the amount evolved, are deter- 
mined experimentally. D is determined by introduc- 
ing known amounts of hydrogen peroxide into a 
bleaching system and then following the decomposi- 
tion of the peroxide in conventional manner by titra- 
tion. E is determined by manometrically measuring 
the gaseous oxygen evolved. C is then determined as 
the calculated difference between D and E. 

Because of the complications associated with the 
withdrawal of bleaching solution from a pressure 
vessel, it was not possible to measure both the evolved 
oxygen and the undecomposed oxygen data as func- 
tions of time from the same specimen. A volume- 
scope was so designed that the oxygen evolved during 
the progress of bleaching was measured continuously. 
In this way one specimen gave evolution data over 
the entire time range discussed herein. For the de- 
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composition data a bleaching system, comparable to 
that in the volumescope, was placed in a test tube 
fitted with an air condenser. At a selected time in- 
terval the amount of oxygen remaining was deter- 
mined by titration. The amount decomposed (D) 
is calculated as the difference between the original 
total oxygen (7) and that remaining (R). Each 
point on the decomposition curve, showing the 
amount decomposed as a function of time, thus rep- 
resents an individual specimen. In this way data 
were secured on the behavior of the bleaching solu- 
tion, alone, in the presence of commercially bleached 
cotton sliver, and in the presence of raw cotton sliver. 

To illustrate the heterogeneity of the bleaching 
mechanism, data on the behavior of three different 
ratios of bleaching solution to cotton were also ob- 
tained. 


Experimental Procedure 


The bleaching solution is an 0.13N hydrogen per- 
oxide solution containing 5.0 grams of sodium sili- 


VOLUMESCOPE 
SCALE READINGS 
(>) 


HOURS 


MILLILITERS OF 
OXYGEN EVOLVED 
(4) 


4 
HOURS 


(S.T.P. = standard 


temperature and pressure.) 
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cate and 0.50 gram of sodium hydroxide per liter. 
The peroxide used is the commercially available 30- 
percent grade. The sodium hydroxide is reagent 
grade, whereas the silicate is a 38 percent solution 
commercially sold for stabilizing peroxide bleaching 
baths. The raw cotton utilized is run-of-the-mill 
gray cotton drawing sliver. The prebleached cotton 
is raw cotton which has been subjected to commercial 
kier-boiling and bleaching. The experimental ratios 
used were 2 to 1, 3 to 1, and 5 to 1 parts by weight 
of solution to cotton. The solution was prepared 
prior to each experiment and checked for its perox- 
ide content. Weighed portions of cotton sliver were 
wet out with cooled bleaching solution, after which 
the excess of solution was squeezed out in order to 
bring the specimens to the desired weight. Dupli- 
cate sets were prepared for every experiment. Evo- 
lution data were secured from one set by means of 
a volumescope, and decomposition data were secured 
from the other set by titration. All experiments 
were conducted in a thermostatically controlled bath 
at 50° + 0.5°C. 

Figure 1 illustrates a volumescope, which con- 
sists of a test tube (1) fitted with a manometer made 
of capillary tubing (2) with a small bulb (3) blown 
at one end with a well (4) for indicator fluid sealed 
to the other end. A metallic scale (5) is attached 
along its length. The indicator fluid is a colored 
vaseline (6) which liquifies under the elevated tem- 
perature of the experiment. The manometer is 
fitted through a two-hole rubber stopper (7). 
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Through the second hole of the stopper is placed a 
glass tube drawn out to a capillary tip (8) and the 
assembly attached to the test tube. The drawn capil- 
lary tip enables the system to be heat-sealed without 
compressing the gaseous contents. 

The manometers were calibrated for use by inject- 
ing known volumes of air into the system under con- 
ditions simulating actual experiments [6] and ob- 
serving the resultant displacement of the indicator 
fluid. During bleaching the units were immersed 
in a tall thermostat with the water level well above 
the top of the volumescope. At regular intervals 
readings were taken of the upper levels of the now 
liquid vaseline columns and converted into volume by 
means of a calibration chart. 

The calibration and conversion of the observed 
scale readings are illustrated in Figure 2. Graph (a) 
depicts the calibration curve obtained for a volume- 
scope when known volumes of air are injected into 
the system and the resultant displacement is observed 
in the manometer. This calibration was carried out 
for each volumescope. 

During an experimental run, the scale readings at 
selected time intervals were plotted as in graph (b) 
and these data converted into volume by means of 
graph (a). Since the first 10-15 minutes are re- 
quired to reach temperature equilibrium, the scale 
reading at zero time must be obtained by extrapola- 
tion. This is done by carrying out many observa- 
tions in the first half hour, plotting these on an ex- 
panded coordinate graph system, and then extrapolat- 

ing the resulting curve to zero 
minutes (see graph (c)). 
The volume represented by 
this zero reading is deter- 
mined from graph (a) and 
thereafter subtracted from each 
observation to secure the cor- 
rected volume. The corrected 
volumes are then plotted 
against time as in graph (d). 

The data on the decomposi- 
tion of the bleaching solution 


Fic. 3. Decomposition of 
peroxide. 
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were obtained from the second equivalent set. Each 
specimen was inserted into a test tube fitted with 
an air condenser and, with condenser emerging, was 
lowered into the thermostat. In each run, individual 
test tubes were withdrawn at the specified intervals. 
The reaction was quenched by cooling and flooding 
with diluted acid. The system was then diluted 
to a specified weight with water. These solutions 
were allowed to stand an hour with frequent shak- 
ing prior to withdrawing an aliquot portion for 
analysis by the standard iodimetric method for de- 
termining its remaining peroxide content [7]. Ti- 
tration was carried out with a N/100 solution of 
sodium thiosulfate. 

The decomposition rate of the bleaching solution in 
the absence of cotton was also determined. 

The observed readings are calculated in terms of 
percent of initially available oxygen and graphed as 
functions of time. The data for plotting oxygen 
consumed are obtained as the difference between the 
plotted curves for the amount of decomposition and 
the amount of evolution. 


Errors 


The most serious potential sources of error as ob- 
served during the experiments are (1) air in fibers 
and solutions, (2) handling and preparation of speci- 
mens, (3) extrapolated oxygen evolution data, and 
(4) the fact that data for the decomposition and evol- 
ution were obtained from different specimens. 

Calibration of the apparatus 
was effected under conditions 
simulating actual runs except 
that no hydrogen peroxide was 
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blank in which specimens were prepared in accord- 
ance with the usual procedure and analyzed immedi- 
ately instead of being placed in the thermostatic bath. 

The frequency of observations of the oxygen evolu- 
tions in the early stages of the bleach was increased 
and an expanded scale was used to minimize the 
errors inherent to extrapolation. All evolution data 
represent averages from duplicate runs. Repetition 
of the entire experimental procedure after an interval 
of six months gave satisfactory duplication of the 


original results. 


Results and Discussion 
Decomposition 


Figure 3 illustrates the decomposition of the bleach- 
ing solution and the effect of the presence of bleached 
and unbleached cotton in varying ratios upon the 
decomposition of this solution. It is evident that 
the addition of cotton decreases the stability of the 
solution in the order of decreasing ratios. In the 
presence of raw cotton the amount decomposed is 
much greater in the early period than is observed for 
bleached cotton during the corresponding period. 
Thereafter the rate gradually slackens so that the 
total amount decomposed in the presence of bleached 
cotton eventually becomes greater than the decom- 
position due to the native cotton. Not only do the 


raw and bleached cotton differ in the total amount of 
oxygen decomposed but the characters of the curves 
themselves are entirely different. 


This indicates that 
















614 


the decomposition in the presence of the bleached 
goods is of a distinctly different type from that occur- 
ring i} the presence of raw cotton. 


Oxygen Evolution 


Figure 4 shows the percentage of the available 
oxygen evolved from the bleaching solution under 
the influence of bleached cotton and raw cotton. The 
amount evolved in the presence of prebleached cotton 
is much greater than that found when raw cotton is 
used. The influence of ratio upon this evolution fol- 
lows a very orderly pattern in the presence of raw 
cotton; with the bleached specimens the 2:1 ratio 
appears gnisplaced. It is to be noted that in these 
curves the shapes are similar although the rates differ 
in magnitude. This is in contradistinction to what 
has been noted in Figure 3, where not only are the 
rates different for the two cottons but the shapes as 
well. This indicates that the mechanisms of the 
oxygen evolutions are fundamentally similar whereas 
the decompositions are not alike. 


Oxygen Consumed 


Figure 5 represents a series of curves depicting 
oxygen consumption calculated as the difference be- 


tween the curves in Figures 3 and 4. This is in ac- 
cord with equation (2). A striking difference be- 
tween the reaction of raw and prebleached cotton is 
observable. As would be expected, the raw cotton 
consumed much more oxygen. The percent of oxy- 
gen consumed by the raw cotton is independent of 
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a: " Ld] * 3:1 

5:1 


CONSUMED 


PERCENT 


TEXTILE RESEARCH JOURNA 


the ratios in the range studied. The major portion 
of this consumption is effected in the first hour o 

two, after which the consumption proceeds at a muc 

slower but steady rate. This speedy initial con 

sumption accounts for the initial high decompositio: 
rate of the bleaching solution observed in the presence 
of the raw cotton. On the other hand, some tim« 
elapses before the bleached cotton consumes an) 
oxygen at all. Once initiated, however, the pre 
bleached cotton consumes oxygen at a steady rate 
In these consumption curves the difference in the be 
havior of the bleached and unbleached cotton bleach- 
ing systems is shown most clearly. ; 

In the presence of prebleached cotton, the oxygen 
consumption is low, while the oxygen evolution rates 
and the peroxide decomposition rates are high. This 
low order of oxygen consumption coupled with the 
high peroxide decomposition rate in the presence of 
the prebleached cotton indicates a strong catalytic 
effect. 

In the presence of raw cotton the high initial de- 
composition rate must be due to consumption by 
oxidizable material absent in the prebleached cotton. 
However, once this initial consumption has_ been 
effected, the character of the decomposition in the 
presence of the raw cotton is the same as that in the 
bleaching bath itself. This shows that after the re- 
active impurities of the raw cotton have been oxidized 
the solution behaves as though no cotton were pres- 
ent. This increased stability may occur because this 
experimental bleach either cannot create a catalytic 
surface on the raw cotton or, having produced a cata- 


Fic. 5. Consumption of oxygen. 
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lytic surface, the reaction products of the oxygen 
consuinption poison the surface. The dissolved reac- 
tion products may have a stabilizing influence. 
Whatever the mechanism, only the prebleached sam- 
ples show undiminishing positive catalysis. 


Conclusions 


A satisfactory method has been developed for 
measuring the oxygen evolved during peroxide 
bleaching. These data in conjunction with those 
obtained from the decomposition of peroxide have 
provided a basis for quantitative estimation of the 
true oxygen consumption by the cotton. This will 
be useful for evaluating bleaching formulas. The 
interesting hypothesis developed during discussion 
of the data illustrates the worth in developing this 
procedure for investigating bleaching mechanisms. 
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The Dyeometer: An Instrument for Studying 
Color Reactions 


R. H. Kienle,* G. L. Royer,* and H. R. McCleary* 


In any extensive study of dyeing phenomena, it is 
desirable to be able to measure the rate at which dye 
is removed from the bath and transferred onto the 
material being dyed. In the past, the method of 
withdrawing portions of the dye bath during the 
course of dyeing and determining the color value 
photometrically has been most generally used. This 
procedure is cumbersome and not nearly so conven- 
ient as one which would permit the continuous ob- 
servation of the dye bath. In order to make this 
possible an instrument called the Dyeometer was de- 
veloped a number of years ago which has been im- 
proved since that time. This apparatus is mounted 
in a suitable metal support so that it can be moved 
into and out of the measuring instrument. The 
Dyeometer may be described as an apparatus which 
permits continuous photometric measurement of the 
strength of the dye bath during the course of the 
dyeing. It permits rigid control of every factor be- 
lieved to influence the progress of dyeing; some of 
these factors are variation of temperature, volume 
of the dye bath, circulation of the dye bath, motion 
of the material being dyed, and control of the sur- 
rounding atmosphere. The Dyeometer has been 
found useful also in the study of any reaction in which 
a color change within a liquid phase is involved. 
Other workers studying the dyeing process have 
determined the progress of exhaustion by periodic 
sampling of either the dye bath or the material being 
dyed [1]. Speakman and Smith [2] recognized the 
desirability of continuous observation and arranged 
for circulation of the dye bath through a Duboscq- 
type colorimeter, thus permitting measurements to 
be made at will. Davenport [3] has described an ap- 
paratus for circulating the dye bath through an ob- 
servation chamber and reading the color strength by 
photoelectric means. Using this device, Lemin, 
Vickers, and Vickerstaff [4] have made some exten- 
sive measurements of exhaustion of direct dyes onto 


* Assistant Director of Research, Assistant Director of 
Physical Chemical Research, and Assistant Chief Chemist in 
Physical Chemical Research, respectively, of the Calco 
Chemical Division, American Cyanamid Company. 


cotton. A considerable amount of data obtained 
with the apparatus described in the present paper 
has been published in several earlier papers from the 
Calco laboratories [5-10]. 


Description of the Dyeometer 


Constructional Details 


Figures 1 and 2 are pictures of the apparatus show- 
ing the two sections, the dye-bath chamber and the 
cell unit, connected together by a ground-glass joint. 
A drawing of the dye-bath chamber is shown in 
Figure 3. The dimensions of the apparatus are such 
that 400 cc. of solution fills the dye-bath chamber to 


~a level just below the side arm shown below the 


A drawing of the Dyeometer cell 
It has been found use- 


condenser section. 
unit is shown in Figure 4. 
ful to have several interchangeable cell units to per- 
mit the changing of the cell thickness at will and to 
have replacements immediately available if one cell 
unit is damaged. 

The side view of the cell unit shows that the cell 
itself is offset from the ground-glass joint by about 
1 inch. This has been done so that when the cell 
is placed in the measuring beam of the GE type of 
recording spectrophotometer it will be close to the 
integrating sphere. This type of recording spectro- 
photometer has been used to make most of the ,meas- 
urements reported here. It is desirable to have this 
cell as close to the integrating sphere as possible to 
avoid loss of light due to scattering. The drawing of 
the thermoregulator section (Figure 4) shows the 
bulb which is filled with mercury. The stopcock per- 
mits control of the temperature at any desired point 
simply by trapping various amounts of mercury in 
the thermoregulator bulb. 

It is apparent that the Dyeometer can be used over 
a wide range of dye concentrations by having several 
cell units of different cell lengths. These cell units 
(made by the Scientific Glass Apparatus Company, 
Bloomfield, New Jersey) have been hand-blown with 
cell lengths as small as 1 to 14% mm. They are not 
optically perfect but have been found to be sufficiently 
uniform in-cell thickness across the face of the cell 
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Fic. 1. An over-all view of the Dycometer. 


for use in studying dyeings and similar color reac- 
For cell thicknesses less than 1 to 144 mm. a 
The draw- 


tions. 
different type of cell has been designed. 
ings of such a cell are shown in Figures 5 and 6 (as 
a modification of Figure 4), and Figure 7 shows a 
picture of the entire cell unit. The cell thickness is 
determined by the thickness of the metal foil gasket 
which fits around the outside of the channel of the 
glass plate in Figure 6. This cell unit has been used 
with a 0.1-1mm. lead foil in the study of concentrated 
dye solutions and appears to be quite satisfactory. 


Fic. 2. Close-up of the cell unit. 


Circulation and Stirring 


Circulation of the dye bath is achieved by the use 
of a gas lift. The dye-bath liquor circulates from the 
cell unit up through the center of the stirrer or cir- 
culating tube (Figures 8 and 9) and flows out 
through the hole at the top into the main dye bath. 
This provides continuous circulation of the bath past 
the thermoregulator and through the observation cell. 
The time required for complete circulation of the 400- 
cc. bath is about 7 to 12 seconds. Nitrogen is usu- 
ally used for the gas lift because it is inert and can 
therefore be used with vat dyes. 

Figure 10 shows a drawing of the glass cap which 
fits into the top female joint of the large dye-bath 
section; the hole in the center accommodates the 
stirrers while the side arm tube leads to an auxiliary 


condenser to prevent evaporation of the bath. An 


auxiliary condenser was found to be necessary be- 
cause the main condenser at the top of the dye-bath 
section is not adequate. 





‘yun yao ayy fo Buimviq ‘p ‘dy “aaquivys yjyng-akp ay} fo Buimvagq “¢ “DI 


3YIM LOWLNOD LNIO? GNNOYD §¢ Ov/¥2 


wrod 
NVH.L SS371 LON Gt 


Z 
(-4 
+o) 
2) 
—_ 
iq 
'S) 
4 
< 
Q 
WN 
(ea) 
4 
ea) 
= 
_— 
i 
ad 
Q 
fH 


WETOL CT 
wg's 


LNIOr 
ONNOYS $ Or /ve- 


NVHL SS37 1 


IWS “TF y 


L3SVe USLYM 


LNIOf GNNOYD $ OS/s¢ 





DECEMBER, 1946 


CIRCULAR GLASS PLATE 
GROUND OPTICALLY FLAT 
ON THE FRONT FACE AND 
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to prevent the material from coming 
off the hooks. This stirrer has been 
found suitable also for carrying out 
dyeings on woven cloth by cutting 
small holes in the cloth and fastening 
them onto these hooks. <A type of 
basket stirrer such as has been used 
for the dyeing Of raw stock materials 
is shown in Figure 9. This again is 
like the circulating tube except that a 
basket or cage has been attached to the 
outer portion of this tube by fusing 3- 
mm. glass rod to the tube in the form 
of a cage. The four vertical edges of 
the cage have been indented so that 
string may be tied around the cage to 








a eel 
STANDARD 8mm OD. TUBING 
“TO DRAIN STOPCOCK 


FRONT VIEW 
OF CELL SECTION 


Fie. 5. 


In carrying out skein or cloth dyeings the material 
to be dyed is fastened onto a stirrer of the type 
shown in “B” of Figure 8. It may be noted that this 
is identical with the circulating tube except that small 
glass hooks have been sealed onto the outer portion 
of the tube to which the skein may be attached. The 
top hooks have small eyes through the ends to per- 
mit tying a small string or thread around the top 


CIRCULAR GLASS PLATE, 6mm. THICKNESS, 
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Fic. 6. Drawing of channeled glass plate for thin 
cell unit. 


8mm OD. 2umWALL TUBING 
WITH TAPERED GROUND ENDS 
SEALED PERMANENTLY INTO 
TAPERED HOLES IN THE 
CIRCULAR GLASS PLATE. 


SIDE VIEW 
OF CELL SECTION 


Drawing of the cell of the thin cell unit. 


prevent small portions of raw stock 
from coming loose during the course 
of the dyeing in the bath. 

In use, one of the stirrers is sus- 
pended in the main body of the dye 
bath through the hole in the dye-bath 
cap and attached above the cap to a 
suitable motor. The motion of the 
stirrer is back-and-forth through an angle of about 
270 degrees. In determining the rate of oscillating 
of the stirrer required for reproducible dyeings, the 
“cage” stirrer for raw stock has been used because 
rate of stirring is most critical in this type of dyeing. 
Figure 11 shows a plot of percent dye-bath strength 
against time for three dyeings of Calcomine Sky 
Blue FF (C.I. 518) on raw stock cotton at various 
stirring rates; one complete back-and-forth motion 
of the fiber holder is one cycle. It may be seen that 
the rate of exhaustion increases with increase in 
stirring rate up to 50 cycles per minute. Higher 
rates of stirring show the same exhaustion rate. 
Therefore, the synchronous motor which is used to 
drive the gear mechanism for the stirring has been 
chosen so that the stirrer operates at a speed of 60 
cycles per minute. A large number of dyeings 
shows that this rate of stirring is sufficient to pro- 
vide reproducible results in practically all dyeings 
which may be carried out on the Dyeometer. 

In the measurement of very fast reactions such as 
the reduction of vat dyes at higher temperatures, 
the rate of circulation of the dye-bath liquor through 
the observation cell is of critical importance; that is 
to say, reactions or changes which may take place 
in the main body of the dye-bath chamber must be 
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accompanied by identical changes in the observation 
cell within a very short period of time. This time, 
designated as the mixing time, determines the use- 
fulness of this apparatus in measuring very rapid 
reactions. The mixing time has been determined 
by placing the Dyeometer in the photometric ap- 
paratus, filling the Dyeometer with a water solution 
only, and adjusting the nitrogen flow to provide 
optimum mixing and then adding a few cubic centi- 
With the 
spectrophotometer turned: on it is thus possible to 
determine the maximum amount of time for the pen 
of the recording mechanism to come to equilibrium, 
at which point the bath may be considered to be com- 
pletely mixed. With the nitrogen flow set at what 
appears to be optimum mixing, the bath requires 
about 12 seconds to mix completely. The rate of 
nitrogen flow appears actually to be of little import- 
ance in determining the efficiency of mixing as long 
as it is high enough to provide continuous circula- 
tion of the dye bath. 


meters of a very strong dye solution. 


In the mixing experiment just 
described, it was observed that there was some 
stratification of the dye solution which was added; 
that is to say, a very strong solution passed through 
the cell, then a weaker solution, then a stronger, 
then a weaker, etc., until the bath became thoroughly 
mixed. In order to eliminate this, the mixing ex- 


periment was repeated by inserting a long glass tube 


into the top of the dye-bath portion and_ passing 
through this tube a stream of nitrogen from another 
tank. This auxiliary tube causes rapid mixing of 


the main body of the dye-bath and the original cir- 
culation achieved by the first stream of nitrogen 
circulates this main dye bath through the cell sec- 
tion. By this procedure, it was found that the mix- 
ing time is of the order of 7-10 seconds. 


Heating and Temperature Control of Bath 


The bath is heated electrically by No. 22 nichrome 
wire (total resistance of 20 ohms) wound around 
the main body of the dye-bath chamber. The voltage 
applied to the heater is determined by the thermo- 
regulator. Figure 12 shows the detailed wiring 
diagram of the Dyeometer control panel, a picture 
of which is shown in Figure 13. The method for 
controlling the temperature may be stated briefly as 
follows : the 
heating coil from either of two variable transformers 


The current flows to nichrome-wire 


depending upon the position of the thermoregulator. 
Thus, if the iron regulator wire is touching the mer- 
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Fic. 7. Close-up of thin cell unit. 
cury surface in the capillary tube of the thermoregu- 
lator, then the current is flowing from the “low heat” 
variable transformer. If, on the other hand, the 
regulator wire is not touching the mercury in the 
thermoregulator capillary tube, then the current is 
flowing from the “high heat” variable transformer. 
The voltages on the “high heat” and the “low heat” 
transformers are chosen at will to give optimum temi- 
perature control and depend upon the temperature 
which it is desired to maintain. When the wire in 
the thermoregulator capillary touches the mercury 
surface, it trips an electronic relay (Fisher-Serfass 
Electronic Relay, Fisher Scientific Company), which 
in turn trips a heavier, 6-volt relay; this relay con- 
nects one or the other transformer to the heating 
coil. 
Uses of the Dyeometer 

Use of the Dyeometer in Dyeing 

The following procedure is the method followed in 
carrying out a dyeing in the Dyeometer: A 400-cc. 
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The nitrogen is turned on and 
The cir- 


dye bath is prepared. 
the bath is poured into the Dyeometer. 
culating tube is inserted into the top of the Dye- 
ometer and fitted over the extension of the cell 
unit tube. This circulating tube is supported by a 
two-hole rubber stopper which contains a side arm 
tube leading to the auxiliary condenser. The main 
switch and the “low heat” and “high heat” switches 
are turned on. The regulator wire is adjusted so 
that it does not touch the mercury surface. The 
indicator light will turn on to show that the bath is 
heating. For example, if the dyeing is to be car- 
ried out at 90°C (195°F), the “high heat” trans- 
former is set at a voltage of about 70-80 volts to be 
adjusted later for accurate temperature regulation. 
This voltage setting varies considerably depending 
upon the temperature of the room and the rate of air 
| flow in the room itself, both of which affect the rate 
| of heat loss from the Dyeometer. When the ther- 
mometer indicates that the bath has reached a tem- 
perature of 90°C, the thermoregulator stopcock is 
then closed and the regulator wire is inserted into 
the capillary until it is just touching the mercury, 
thus shutting off the indicator light. At this point 
it is essential to set the two variable transformers 
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Fic. 8. Drawings of circulating tube and skein holder 
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Fic. 9. View of circulating tube and stirrer holders for 


skeins and raw stock. 










correctly. The “high heat’? transformer should be 
set at a voltage which is just enough to make the 
bath heat slowly when the indicator light shows 
that it is heating, while the “low heat” transformer 
should be set at a voltage just below that required 
to hold the desired temperature when the indi- 
cator light is off, showing that the bath is cooling. 
Thus, the expansion and contraction of the mercury 
and liquid in the thermoregulator makes and breaks 
contact with the regulator wire in the capillary and 
chooses between a condition where the bath is slowly 
cooling and one in which it is slowly heating. This 
condition is optimum for maintaining accurate tem- 
perature control and if these controls are properly 
set, one may maintain the temperature of the Dye- 
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ometer with adequate circulation to within + 0.2° to 
03°C. 

It may be mentioned here that the Fisher-Serfass 
Electronic Relay used in the Dyeometer heat-con- 
trol unit is exceedingly sensitive ; the two wires lead- 
ing to the regulator wire and the mercury contact of 
the thermoregulator will trip the relay when shorted 
through a resistance as high as 20 megohms. For 
this reason many common liquids, including tap 
water, have sufficient conductivity to trip the relay. 
If, therefore, water should be spilled into the thermo- 
regulator capillary, the relay will be tripped even 
though the regulator wire is not touching the mer- 
cury surface. 

While the bath is heating, the skein or other ma- 
terial to be dyed is prepared and attached to the ap- 
propriate stirrer. If skeins are to be dyed, it has 
been found that not more than 15 grams of material 
may be dyed conveniently in the dye bath. Twenty 
grams or more packs the dye bath so tightly that the 
stirring is inadequate and the material is unevenly 
Optimum dyeing results are obtained if only 
Skeins are 


dyed. 


5 or 10 grams of material are used. 
fastened loosely on the stirrer rather than being 
pulled tightly over the hooks because if pulled tightly 
they will not dye uniformly. 

When the bath has reached the dyeing tempera- 
ture, a photometric reading is made on this initial 
bath. The dyeing is started by entering the stirrer 
containing the material into the bath, and the stirrer 
is attached to the stirring mechanism above the Dye- 
ometer and the motor is started. At specific time 
intervals, photometric measurements of the bath 
strength are determined. These measurements may 
be made with a suitable recording colorimeter [11] 
or by use of a spectrophotometer [12]. As de- 
scribed by Stearns [8], the complete spectrophoto- 
metric curve may be run at stated intervals if the 
exhaustion is slow. If, however, exhaustion is rapid, 
only a small segment of the spectrophotometric curve, 
usually at the absorption maximum, may be run. 
For very rapid exhaustions one may set the wave 
length at the absorption maximum and plot time as 
the abscissa against transmittance as the ordinate. 
This method is less informative because it does not 
give the spectrophotometric curve showing possible 
color changes, but is valuable if this limitation is 
recognized. When the dyeing has been carried out 
for the desired length of time, the heater switch is 
turned off and the dye bath is drained. 

In reading the data, one must correct for the trans- 
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mittance of the Dyeometer cell filled only with tie 
water solution without the dye. It is found most 
suitable to run a spectrophotometric curve of the 
water-filled Dyeometer cell and to use this curve as 
the correction curve for all of the curves obtained 
during the dyeing. If some agent or assistant has 
been added to the dye bath which may also cause 
some light absorption, then the correction should he 
made with a water solution containing this agent or 
assistant. Most dyeing assistants or similar agents 
such as inorganic salts, acids, etc., are colorless and 
do not contribute to the absorption of the water-filled 
cell. The corrected transmittance values are then 
used to calculate the percentage dye-bath strength 
in terms of the original dye-bath concentration taken 
as 100 percent. A dye-bath exhaustion curve is then 
drawn on a graph of percent dye-bath strength as 
the ordinate against time as the abscissa. Typical 
curves of this type are shown in Figure 11. 

The Dyeometer has been found useful in a scientific 


study of the dyeing of fibers such as cotton, rayon, 


” ‘ions 


10. Drawing of cap for dye-bath chamber. 
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TIME - MINUTES 
Fic. 11. Dyeometer dyeing curves at various stirring 
rates; dyeing temperature 90° C, 5-gram cotton sample, 
400-cc. bath containing 0.100 gram Calcomine Sky Bliie 
FF Ex. Conc. and 5 grams NaCl. 





out 

Fig 
ings 
filat 
vise 
Dye 
mo! 


Con 


iF 
wor 
fror 
usin 
case 
Dye 
Spo! 
ence 
the. 
Sim 
ings 
| 101 
ome 


DECEMBER, 1946 


casein fibers, wool, nylon, etc. Dyeing of these fibers 
has been investigated from two points of view, 
namely, variation of the dye with the same fiber and 
variation of the fiber using one dye. For example, 
a previous paper [9] has described the effect of vari- 
ous pretreating and finishing treatments on the dye- 
Similar experiments have been carried 
mentioned above. 


ing of wool. 
out on the other textile fibers 
Figure 14 shows a set of exhaustion curves for dye- 
ings of Calcomine Sky Blue FF on rayon of various 
filament sizes manufactured from the same batch of 
viscose.* It is proposed to discuss the use of the 
Dyeometer in the dyeing of different types of fibers 
more completely in subsequent papers. 


Comparison of Dyeometer and Mill Dyeing Data 


In cooperation with several commercial dyers of 
wool, a study has been made to compare the data 
from mill dyeings with those of Dyeometer dyeings 
using the same dyeing formula. It was found in all 
cases that the rate of exhaustion of the bath in the 
Dyeometer was somewhat faster than in the corre- 
sponding mill dyeing. It is believed that this differ- 
ence may be due to the more efficient circulation of 
the dye liquor through the material in the Dyeometer. 
Similarly, it is known that laboratory beaker dye- 
ings cannot be compared directly with mill dyeings. 
However, as in the case of beaker dyeings, the Dye- 
ometer dyeings can be compared with each other and 


* These samples were obtained through the courtesy of 
the Research Laboratories of the American Viscose Cor- 
poration, Marcus Hook, Pennsylvania. 
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used to predict the results of mill dyeings when proper 
corrections are applied. 


Use of the Dyeometer in the Study of Vat Reduction 

Rates 

The Dyeometer may be used not only for following 
the course of a dyeing, but may be used also in fol- 
lowing the rate of other color reactions—for example, 
the reduction of vat dyes. A study of the rate of 
reduction of a vat dye involves the determination of 
how fast the insoluble vat dye dispersion is changed to 
the soluble leuco form. The rate determined for a 
given sample of dye is affected by temperature, con- 
centration of alkali and hy- 
drosulfite, and by rate of 
mixing and circulation of 
the bath through the Dye- 
ometer cell. A typical pro- 
cedure for determining re- 
duction rate of a vat dye 
is as follows: A 400-cc. 
bath is prepared containing 
0.1 to 0.6 gram of any dis- 
persed vat-dye paste and 
25 ml. of 7.5 M sodium hy- 
droxide (equivalent to 214 
oz. per gal.). This bath is 
placed in the Dyeometer, 
heated to 140°F (60°C), 
and the thermoregulator is 
set at this temperature. 
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Dye 
Calcoloid Black BBD Double Powder 
Calcoloid Gray RD Paste 
Calcosol Blue GCD Double Paste 
Calcosol Dark Blue BO Paste 
Calcosol Blue R Double Paste 
Calcosol Brown R Paste 
Calcosol Jade Green N Double Paste 
Calcosol Blue Green FFBP Double Paste 
Calcosol Olive Green BN Paste 
Calcoloid Golden Orange GD Double Powder 
Calcosol Pink FFD Paste 
Calcosol Violet RR Extra Paste 
Calcosol Violet 6RD Paste 
Calcoloid Yellow GCD Double Powder 
Calcosol Yellow PR Double Paste 


Time (sec. ) 
required for 
97-100% 
15 sec. reduction 

10 or less 
10 or less 
25 to 30 
15 to 20 
10 to 20 
25 to 30 
10 
25 to 30 
10 or less 
25 to 30 
>120 (unstable) 
10 or less 
60 to 80 
20 to 25 
92 : - 30 to 40 


% Reduction at 








The spectrophotometer is set at the wave length 
which shows the greatest change of transmittance 
on reduction of the dye to the leuco form, the spec- 
trophotometric curve of which has previously been 


‘determined. Three grams of sodium hydrosulfite 


(equivalent to 1 oz. per gal.) are added and the 
change of transmission is followed on the spectro- 
photometer. Since most vat reductions take place 


quite rapidly, the procedure described above for fol- 
lowing rapid dyeings is used. From the data thus 
obtained the rate of formation of the leuco form may 
be calculated. This calculation from spectrophoto- 
metric data assumes that the spectral curve of the in- 
soluble vat dispersion is that of a true colored solu- 
tion; although this is not strictly true, the results are 
sufficiently reliable to permit comparisons of reduc- 
tion rates of various dyes to be made under various 
conditions. Reduction curves obtained in this man- 
ner have been published by Clark [10]. Figure 15 


DENIER PER FILAMENT 
° 1.02 
x 4.90 


e 11.65 
TEMPERATURE 50°C 


OYEBATH STRENTH 


"Se 


x» 40 50 60 

TIME - MINUTES 

Fic. 14. Dycometer dyeing curves of rayons of va- 
rious filament sises; dyeing temperature 50° C, 10-gram 
rayon skein, 400-cc. bath containing 0.200 gram Cal- 
comine Sky Blue FF Ex. Conc. and 1 gram NaCl. 


shows typical reduction curves for Calcoloid Yellow 
GCD at three different temperatures; the marked 
effect of temperature on the reduction rate is quite 
evident. 

Recent developments in the continuous dyeing of 
vat colors have led to their application at temperatures 
as high as 200°F. This indicates the necessity for 
using dyes which reduce rapidly under these condi- 
tions. The Dyeometer has proved useful in deter- 
mining the time required for reduction at this tem- 
perature in known concentrations of caustic and 
hydro. Table I lists some vat dyes with data on their 
rates of reduction at 200°F. The dyes listed were 
chosen from the slower-reducing types in order to 
show the measurements which can be made on the 
Dyeometer. 

In these determinations the mixing time of the 
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Fic. 15. Reduction curves for Calcoloid Yellow 
GCD Dbl. Pdr. reductions in the Dyeometer at various 
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bath in the Dyeometer was 7-10 seconds, as discussed 
in the section “Circulation and Stirring.” There- 
fore, no values are given’ in the table for reduction 
times of less than 10 seconds. It is felt that the publi- 
cation of these data may be of value to those who are 
interested in the use of vat dyes under these condi- 
tions of application. 


Use of Dyeometer in Determination of Rates of 
Chromation 


In the dyeing of wool with the so-called chrome 
dyes the rate at which the chrome-dye complex is 
formed in the dye bath during the dyeing operation 
is important. This is true because frequently the 
chrome-dye complex is not as readily absorbed by the 
wool as the unchromed dye. Therefore, the strength 
and shade of such a dyeing is affected by the rate 
of chromation. The chrome-dye complexes on the 
fiber are usually faster to light and washing than the 
corresponding unchromed dyes; it is therefore im- 
portant that the dye be applied in such a way that it 
will be completely chromed in the finished dyeing. A 
study of the rates of chromation of dyes in solution 
yields considerable information on the comparative 
properties of the chrome dyes. 

The Dyeometer is well suited for making measure- 
ments on rates of chromation of dyes. Such experi- 
ments can be carried out by making spectrophoto- 
metric records on the dye bath during a dyeing or 
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Fic. 16. Spectrophotometric curves obtained during 


the chromation of Calcochrome Fast Red ECB at 93° C 


and a pH of 5.7 following addition of K:Cr.O; to the 
bath. 
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during a chromation in the absence of any fiber. 


‘The effect of variations in temperature, bath composi- 


tion, and other factors on both chromation and dye- 
ing can be studied. A typical family of curves for 
the chromation at the boil of Calcochrome Fast Red 
ECB (C.I. 652) with potassium dichromate in the 
absence of wool at a pH of 5 to 6 is shown in Figure 
16. Curve A was taken just before the addition of 
potassium dichromate and represents the color of 
the unchromed dye. Curve F represents the color of 
the chromed dye formed at the end of 30 minutes; 
there was no further change in the curve up to an 
hour and a half. Intermediate curves represent the 
color of the bath during the chromation. From these 
data one may calculate the degree of chromation at 
various times; a plot of these data is shown in Figure 
if. 

An examination of the curves in Figure 16 shows 
that they have a common crossing point at about 
515 mp. This indicates that during the chromation 
reaction there is no appreciable change in concen- 
tration of dye. Ifa dyeing is made using these same 
conditions, it is possible to make measurements at 
this wave length and determine the extent of total 
exhaustion. The chromed and un- 
chromed dye remaining in the dye bath at any time 


amounts of 


could then be determined by an analysis of the re- 
spective curves. 


Other Uses for the Dyeometer 


The Dyeometer is so constructed that experiments 
can be carried out under a variety of controlled con- 
ditions. 


Thus, one may measure the stability of 
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Fic. 17. Plot of percent of dye which has been 
chromed at various times; calculated from curves of 
Figure 16. 
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dye baths or colored solutions under an atmosphere 
of nitrogen to eliminate any possibility of air oxida- 
tion. One might also use oxygen, chlorine, or any 
other gas to achieve circulation in place of the nitro- 
gen in order to study any color reaction brought 
about by a saturated solution of the given gas. The 
stability of dye solutions can be determined at any 
desired temperature and for any length of time. In 
this connection, a particular advantage of the Dye- 
ometer is that the spectrophotometric record obtained 
represents the color of the dye solution at that par- 
ticular temperature and under the exact conditions 
of experiment; this would not be true if aliquot 
samples were withdrawn for measurement. 

It is obvious that the Dyeometer has many other 
applications in the study of the formation of colored 
substances such as pigments, dyes, and metallic com- 
plexes ; and it can also be used in carrying out titra- 
tions in which color reactions are involved. In fact, 
the Dyeometer may be used to follow any reaction 
taking place in a liquid system where spectrophoto- 
metric changes occur during the course of the 
reaction. 
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Solvent Extraction of Cotton Wax 


James H. Kettering, Charles F. Goldthwait, and Rita M. Kraemer 


Southern Regional Research Laboratory, New Orleans, Louisiana * 


Solvent extractions of many samples of cotton showed that the usual methods 






of wax extraction are not always adequate for general use, particularly on cottons 
whose extractable matter has been changed by manufacturing operations such as 
the addition of spinning oil or warp size, or the removal of part of the wax by 


bleaching processes. 


The usual simple extractions may be satisfactory for routine 


work on raw or processed cottons if the solvent is selected according to the type of 


cotton and to the purpose of the extraction. 
of amount of wax is needed, a more inclusive method is desirable. 


If, however, an accurate estimation 
The alcohol- 


chloroform extraction procedure developed by Conrad is shown to be such a 


method. 


Several of the various other methods of extraction discussed are more 
suitable for dewaxing cotton for special uses than for analysis for wax content. 





Introduction 


The analytical values obtained from the solvent ex- 
traction of various samples of unbleached, partially 
bleached, and bleached cottons in the course of a 
broad program of research on cotton bleaching have 
been higher than expected from data in the literature 
on bleaching and higher than the values usually ob- 
tained by conventional methods of extraction. 

The crude material, usually called cotton wax, ex- 
tracted from cotton by chloroform, carbon tetra- 
chloride, benzene, or similar organic solvents, though 
present in comparatively small quantities, plays an 
important part in the manufacturing and finishing of 
cotton yarns and fabrics. The amount of wax 
present ‘influences the classer’s estimate of fibers [1] 
and has been said [29] to be the chief cause of dis- 
colorations of bleached fabrics during storage. Hess 
has been credited with the statement [30] that we 
cannot understand the chemistry of cellulose itself 
without a knowledge of the materials that accompany 
it. In the present program of research, the amount 
of residual wax has proved to be one of the most use- 
ful indications of the effectiveness of kier-boiling and 
bleaching processes. 

The object of this report, therefore, is to present 
usable data on the extraction of wax from identical 
cottons by means of a number of different solvents 
under the same laboratory conditions, techniques, 


* One of the laboratories of the Bureau of Agricultural 
and Industrial Chemistry, Agricultural Research Adminis- 
tration, U. S. Department of Agriculture. 





and methods which are adaptable to analytical pro- 
cedures. 


Literature Review 


Information on cotton wax and its extraction from 
fibers, yarns, and fabrics is both limited and widely 
scattered. Much of it has appeared in scientific 
journals which are not readily available. When 
found, these data are confusing and not comparable. 
The commonly used methods for the dewaxing of 
cotton for analytical or research purposes utilize pe- 
riods of extraction varying from 4 hours [1, 2, 4] to 
two successive periods of 24 hours each [27] and use 
a great variety of solvents, techniques, and tempera- 
tures which are frequently inadequately specified. 

Benzene [13, 22], chloroform [6, 12], carbon 
tetrachloride [20], ethyl alcohol [9], isopropyl al- 
cohol [17], alcohol-benzene mixture [15], trichloro- 
ethylene [10], and ether and other solvents [5] have 
been used or recommended for extraction of the cot- 
ton wax. Hess [14] credits Schwalbe with recom- 
mending equal parts of ethyl alcohol and benzene. 
Hess also mentions extraction by ether followed by 
ethyl alcohol as effective and states that chloroform 
and benzol are especially good as solvents for both 
resins and waxes, whereas carbon tetrachloride dis- 
solves only the resins. Sookne and Harris [27] ex- 
tracted cotton for 24 hours at room temperature with 
95-percent ethyl alcohol, followed by 24 hours’ ex- 
traction with diethyl ether, again at room tempera- 
ture. They also extracted with hot ethyl alcohol 
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for 24 hours and then washed the cotton with distilled 
water at room temperature for several hours [25, 
26]. In both cases, the product was called “de- 
waxed cotton.” 

Bloor [3] and Maclean and Maclean [21] have 
recognized that hot ethyl alcohol is probably the best 
solvent for extraction of fatty material from biological 
tissues. Bloor [3] is emphatic about the superiority 
of boiling alcohol to all other solvents for the pur- 
pose. He states that it can be applied directly to the 
tissues without previous drying, and the almost in- 
evitable accompanying oxidation, breaking up what- 
ever loose combinations there may be between the lip- 
ide and other cellular constituent. Maclean and 
Maclean state [21]: “On drying . . . and extracting 

. with ether, no lipin whatever was obtained 
while subsequent treatment with alcohol removed a 
considerable amount.” 

Bloor mentioned two disadvantages of the extrac- 
tion with hot ethyl alcohol: Substances other than 
lipides are extracted, and heat decomposes some of 
the more sensitive lipides. The first of these disad- 
vantages is largely eliminated, however, with use of 
Conrad techniques [9, 17] since this analytical pro- 
cedure rids the extract of all nonwax materials. The 
second disadvantage hardly exists since it is prob- 
ably true with raw cotton, and certainly true with 
processed cotton, that sensitive lipides have already 
been decomposed before sampling. 

The statement by Tonn and Schoch [28] that 
diethyl ether, benzene, toluene, Skelly solvents, chlo- 
roform, and carbon tetrachloride “gave complete re- 
moval of the wax from the fiber” should have been 
qualified. While extractions with these solvents 
may have been adequate for the purposes Tonn and 
Schoch had in mind, their statement does not agree 
with the experience of the Southern Regional Re- 
search Laboratory, or with the findings of Clifford, 
Higginbotham, and Fargher [5]. Moreover, Knecht 
and Hall [18] found that alcohol following benzene 
extracted an additional quantity from both Egyptian 
and American cottons. 

Ahmad and Sen [1] used a 4-hour period for the 
extraction of cotton wax. The same period is speci- 
fied by A.S.T.M. [2] and by the British Standards 
[4] for the following solvents: ether, methylene 
chloride, alcohol, and benzene-methyl! alcohol mixture. 
The U. S. Pharmacopoeia [23, p. 207] specifies a 
5-hour extraction. These methods were designed 
mainly for control and routine specification. For 
comparative purposes, Clifford, Higginbotham, and 
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Fargher [5] suggest 6 hours, and Conrad [9] speci 
fies 6 hours, and hot extraction (above 55°C). 

Since Conrad [9] and Tonn and Schoch [28} 
have recently reviewed the literature pertaining to 
the complex, heterogeneous nature of cotton wax an] 
its extraction from the fiber, further discussion of 
the literature in this report is unnecessary. 


Materials and Sampling 


In a series of preliminary experiments run for the 
purpose of determining the time of extraction, the 
material used was an Empire cotton, classed as 
“strict low middling, bright; character slightly ir- 
regular”; it was cleaned, carded, drawn once, and 
stored as sliver lap until used. This material was 
more uniform than the average cotton lint and was 
not, therefore, given any further mixing to insure 
uniformity. After conditioning 4 hours, approxi- 
mately 16-gram samples were weighed accurately on 
an analytical balance. ‘Triplicate moisture samples 
were weighed at the same time. 

For a second series of experiments, designed to de- 
termine the degradation of cotton caused by extended 
extraction, four pieces of print cloth, two of which 
were slightly degraded, were chosen because they 
contained no blemishes or irregularities. Accurately 
weighed 10-gram samples were extracted without 


previous systematic or uniform sampling. 

A third series of experiments was run to deter- 
mine the comparative effectiveness of a number of 
solvents when used under the same laboratory con- 


ditions and techniques. The materials used were 
the Empire raw cotton already described, a cotton 
mesh bagging material which had been kier-boiled 
and subsequently soap-scoured, and five pieces of 
broadcloth, each having had a different purification 
treatment. The samples, which do not represent 
successive stages in the same process but are the 
residual material after different types of processing, 
were selected because their known wax content and 
scouring or bleaching treatment made them suitable 
for the purpose. The wax contents shown in Table 
III should not be taken as representative of the treat- 
ments used in the preparation of the materials. Very 
little distinction has so far been made between extrac- 
tions of cotton wax, wax plus the fatty ingredients of 
textile sizes, or residual wax which has survived such 
treatments as kier-boiling and bleaching. The fore- 
going samples were so selected that they represent 
these types of materials as well as raw cotton. 
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To insure uniformity of the material in this third 
series of experiments each sample was cut into small 
pieces, the pieces thoroughly mixed, and then put 
through a No. 1 Wiley mill to pass a 2-millimeter 
screen. Each ground sample was rolled, quartered, 
mixed on a large piece of wrapping paper, and again 
put through the Wiley mill. The rolling, mixing, 
and grinding were repeated so that each sample 
passed three times through the Wiley mill and 2- 
millimeter screen. 

Air-dried samples in this series were weighed ac- 
curately on an analytical: balance, each to within 
0.002 gram of weighing exactly 5 grams. All sam- 
ples from each piece of material were weighed con- 
secutively, moisture samples being taken after weigh- 
ing one-third, after weighing two-thirds, and after 
weighing the last sample. The moisture was deter- 
mined as the average of the three samples by drying 
to constant weight in an air oven at 105° + 1°C. 
Results, except fluidity values, are computed to the 
oven-dry weight of sample. Samples for Soxhlet 
extraction were weighed consecutively in 43-by-123- 
mim., double-thickness, fat-free extraction thimbles. 
For the ethyl alcohol-diethyl ether extractions at 
room temperature, the cotton was weighed in beakers, 
part of it transferred to wide-mouthed Erlenmeyer 
flasks, and the beakers reweighed. The difference 
between the two weighings is the sample weight. 


Solvents Used 


The solvents used throughout the experiments 
were as follows: 


1. Ethyl Alcohol. 


The 95-percent azeotropic 
alcohol-water mixture, distilled from potassium hy- 
droxide (1 gram per liter), the fraction distilling at 
78°C, was used without further treatment. 


2. Isopropyl Alcohol. Commercial isopropyl al- 
cohol was shaken with 10-percent sodium hydroxide, 
and allowed to stand until the layers separated. The 
lower layer was discarded and the fraction distilled 
from the upper layer at 80°C was used. 

3. Methyl Alcohol. The C.P—A.C.S. absolute 
methanol, having a boiling range of 64° to 66°C, was 
used without further purification. 

4. Acetone. The C.P—A.C.S. dimethyl ketone 
was used without further purification. 

5. Benzene. Benzol, C.P.—A.C.S., boiling range 
79.5° to 81°C, thiophene-free, was used without fur- 
ther purification. 

6. Ether. Specially purified ether suitable for 
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anesthesia containing about 2 percent alcohol and 
0.5 percent water was further purified by Werner’s 
method [31]. When thus purified, the ether was 
found to be free from acids, aldehydes, peroxides, 
and unsaturated compounds. For the analyses re- 
quiring dried ether, the further purified ether was al- 
lowed to stand over 4-mesh calcium chloride for 18 
to 24 hours before use. 

7. Chloroform. C.P. chloroform was _ purified 
immediately before use by shaking 5 times with an 
equal volume of water, as suggested by Cohen [7]. 
Dried chloroform was obtained by drying over cal- 
cium chloride for 18 to 24 hours after distilling at 61° 
to 61.2°C at 759.6-mm. barometric pressure. 

8. Carbon Tetrachloride. A.C.S. reagent-grade 
carbon tetrachloride, boiling range 76° to 78°C, was 
used without further purification. 

9. Trichloroethylene. Technical-grade material 
was purified by distillation so that it had a boiling 
range of 85° to 87°C. 


Experimental Data 


In the preliminary experiments to determine op- 
timum time, samples were extracted in Soxhlet ap- 
paratus with chloroform, ethyl and isopropyl alcohols 
for periods, measured from the time of the first si- 
phoning, of from 10 minutes to 50 hours. The 
chloroform extracts were transferred directly to 
tared 100-ml. beakers. The ethyl and isopropyl al- 
cohol extracts were transferred to separatory funnels 
and the chloroform-soluble portion separated by the 
Conrad technique [9], the final extract being trans- 
fered to tared beakers. For all three extractions, 
the extractives were dried in the tared beakers to 
constant weight in an air oven at 105° + 1°C. 

To determine the amount of degradation of cotton 
caused by extended Soxhlet extraction with various 
solvents, duplicate samples were extracted for 100 
hours with 95 percent ethyl alcohol, benzene, cliloro- 
form, and carbon tetrachloride. The heat under the 
Soxhlet apparatus was so adjusted that siphonings 
occurred at 3- to 4-minute intervals. The alcohol- 
extracted samples were rinsed several times with dis- 
tilled water to remove the adhering solvent. Al- 
cohol-extracted and rinsed samples, as well as those 
from the other extractions (without rinsing), were 
air-dried overnight, cut into small pieces, and then 
put through a small Wiley mill and a 20-mesh screen. 
The extent of degradation was measured by compari- 
son of the fluidities determined by the Conrad veloc- 








TEMPERATURES OF EXTRACTION 


High 
temperature 
°C) 
76.2 
59.0 
60.2 
34.6 
34.6 
25.5 
78.5 
56.0 
82.6 
74.0 
56.0 





TABLE I. 


Low 
temperature 
(°C) 
74.0 
59.0 
59.8 
34.2 
34.2 
24.4 
77.5 
56.0 
82.2 
73.6 
55.8 


Solvent 


Ethyl alcohol 
Chloroform 

Dried chloroform 
Diethyl ether 

Dried diethyl ether 
Alcohol and diethyl ether 
Benzene 

Benzene methanol 
Trichloroethylene 
Carbon tetrachloride 
Acetone 








ity-gradient technique [8]. Fluidity results were 
computed on the basis of the cellulose contents de- 
termined by the Kettering and Conrad wet oxidation 
with acid-dichromate solutions [16] after the extrac- 
tion recommended by Reid, Nelson, and Aronovsky 
[24]. . 

Extraction methods used in the experiments em- 
ploying uniform conditions (except temperatures, 
Table I) varied somewhat with the solvent being 
tested. Conrad techniques for wax extraction [9] 
were followed except that 100 ml. of distilled water 
were used in the separatory funnels instead of the 75 


ml. specified, since, with this quantity of water, 
In the succes- 


phase separations occur more readily. 
sive ethyl alcohol-diethyl ether extractions, the cot- 
tons stood for 24 hours at room temperature in 250 
ml. of 95-percent ethyl alcohol. The alcohol was re- 
moved on a Biichner funnel using Whatman’s No. 


50 filter paper and the cotton was replaced in the 
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Erlenmeyer flask. It was then covered with, 25( 
ml. of purified diethyl ether and allowed to stand 
at room temperature for another 24 hours. The 
ether was removed as before and the extracts wer« 
combined. The benzene-methanol solvent was a 
mixture of equal volumes of the two reagents. In 
all Soxhlet extractions, 250 ml. of solvent were added 
to the Soxhlet flask, and heat was so adjusted that 
siphonings occurred at 3- to 4-minute intervals. All 
extracts were transferred to 100-ml. tared beakers, 
where the solvent was evaporated and the residue 
dried to constant weight at 105° +1°C. Table I 
gives the high and low temperatures in the extraction 
chamber read with the assistance of a hand lens from 
E. and A. Anschtitz Standard Centigrade thermom- 
eters having an enclosed glass scale in accordance 
with National Bureau of Standards specifications. 


Results 

Rate of Extraction 

In the preliminary experiments (Figures 1, 2, and 
3) a greater quantity of wax was obtained by using 
the Conrad technique for all extractions up to 30 
hours. This technique using ethyl alcohol extracted 
0.72 percent of wax in 2 hours, whereas extraction 
directly with chloroform did not reach that quantity 
until after 30 hours. Both the chloroform and the 
ethyl alcohol extracts, after 50 hours’ extraction, con- 
tained tarry, sticky deposits indicating deterioration 
of the wax fraction probably due to prolonged heat- 
ing. The most surprising result was the quantity 
of extractives obtained after only 10 minutes’ extrac- 


tion. With chloroform this amounted to 70 percent 





TABLE II. DAMAGE To Cotton FABRICS CAUSED BY EXTRACTION WITH VARIOUS SOLVENTS 








Identification 
of print cloth 
No. 1 
No. 1 
No. 1 


Extracting solvent 
Alcohol 
Alcohol 


Carbon tetrachloride 


No. Alcohol 
No. Alcohol 
No. Carbon tetrachloride 


No. ¢ Alcohol 
No. : Benzene 
No. . Dried chloroform 


No. Alcohol 
No. 4 Benzene 
No. 4 Dried chloroform 


Cellulose Fluidity (rhes) 

content C = 0.5 g./100 ml. 
(%) G = 500 sec! 

2.30 

2.44 

2.54 


Extraction 
time 
(hrs. ) 

6* 95.38 
100 95.27 
100 93.48 


6.96 
Tan 
7.94 


6* 96.87 
100 96.48 
100 94.96 


2.32 
2.41 
2.44 


6* 95.63 
100 96.48 
100 94.42 


7.36 
9.50 
8.07 


6* 98.80 
100 97.90 
100 98.04 








* The 6-hour extraction of control samples is desirable as a preliminary step in the fluidity determinations. 
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TABLE III. Waxy ExXTRACTIVES FROM SELECTED COTTONS OBTAINED WITH DIFFERENT SOLVENTS, 
EXPRESSED AS PERCENTS OF THE Dry WEIGHT OF SAMPLE 


Broad- 
cloth 
No. 3 
(kier- 
boiled, 

not 
scoured ) 
(%) 
1.00 
0.63 








Broad- 
cloth 
No. 5 

(peroxide 
kier 
bleach) 
(%) 
0.56 
0.20 


Broad- 
cloth 
No. 4 
(hypo- 
chlorite 
bleach) 
(%) 
0.40 
0.34 


Broad- 
cloth 
No. 2 
(desized 
and 
washed ) 
(%) 
1.48 
1.26 


Bagging 
material 
(kier- 
boiled, 
soap after 
kier) 
(%) 
1.04 
0.46 


Broad- 
cloth 
No. 1 
(gray 
goods) 
(%) 
1.40 
1.36 


Time of 
extrac- 
tion 
(hrs. ) 
Conrad technique (wax) * 6 
Carbon tetrachloride 6 


Raw 
cotton 
(%) 
1.12 
0.59 


Solvent or technique 


Alcohol and ether, successively 24 for 1.08F 
at room temperature each 

Chloroform 

Chloroform—dried 

Diethyl ether 

Diethyl ether—dried 

Benzene-methanol mixture 

Benzene 

Trichloroethylene 

Acetone 


0.79 
0.88 
0.86 
0.71 
1.464 
0.74 
0.74 
0.84 


ee oe 
Un Un im bo Un ON i 
— he © CO H OO 


-_ 
— 





* Alcohol-soluble material is much more than these percent 


+ Contains water-soluble constituents. 


of the maximum amount obtained with 30- to 50- 
hour extraction, and with ethyl alcohol it amounted 
to 83 percent. This is a larger percentage of the 
total wax content than is removed by the normal kier- 
boil and bleach. 


Cellulose Degradation 


The degradation, in no case excessive, caused by 
prolonged extraction shows that ethyl alcohol, chloro- 
form, carbon tetrachloride, and benzene, in the order 
named, are increasingly harmful to fabrics and that 
the degradation was greater in the samples having 
the greater initial damage (Table II). The British 
Fabrics Research Committee [11] classed fabrics 
having a fluidity of 1 to 5 rhes as “mildly scoured 
and bleached” and those having a fluidity of 5 to 10 
rhes as “normally scoured and bleached.” While 
the values here reported, because of differences in 
the analytical methods, are not strictly comparable 
with those of the British Fabrics Research Com- 
mittee, they are close enough to indicate that none 
of the samples was excessively damaged in the 100- 
hour extraction. 


Extraction of Uniform Samples by Different Solvents 


The comparative percentages of extractives, based 
on dry weight of sample, obtained from identical 
cottons by different solvents are shown in Table ITI. 
‘cach of the solvents placed the seven cottons in ap- 
proximately the same order with regard to quantity 


1.884 


1.52t 0.827 0.867 0.48 0.36 


0.40 0.26 
0.54 

0.46 

0.34 

0.70+ 

0.32 

0.34 


0.78 
0.86 
1.00 
0.72 


0.59 
0.76 
0.80 
0.32 
1.38+ 
0.66 
0.73 
0.50 


w & ho 00 tn Nn we 
— 


ee 
MND OWE ee 





ges. 


of extractives. Solvents which gave nearly complete 
extraction with some of the cottons, however, ap- 
parently failed to approach it with others. Acetone 
extractives were so unpredictable that caution should 
be used in selecting this solvent when comparable 
data are desired. Dried chloroform extracted more 
than chloroform that had not been dried. Drying 
diethyl ether reduced the quantity of extractives. 
Carbon tetrachloride yielded small percentages of 
extractives with every type of fabric tested. Most 
noticeable in the results obtained are the variations 
in the quantities extracted. The benzene-methanol 
mixture gave the largest quantity of extractives in 
every case. As should be expected, however, both 
the benzene-methanol Soxhlet extractions and succes- 
sive alcohol and ether extractions at room tempera- 
ture included water-soluble materials. This was 
demonstrated by taking extracts from raw cotton 
and from the cotton bagging material which had been 





TABLE IV. CoMPARISON OF QUANTITIES OF WAX 
EXTRACTED FROM COTTON BY THREE DIFFERENT 
SOLVENTS OR SOLVENT COMBINATIONS 








Solvents or Technique 
Conrad Benzene- Alcohol ether 
technique methanol (room 


(Soxhlet) (Soxhlet) temperature) 
o7 o7 7 


Sample 


a) /0 
0.46 
0.55* 


40 
1.12 
1.04* 


0.91 
0.93* 


Raw cotton 
Bagging material 
soaped after kier 








* Values may include fatty matter from the soap. 
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kier-boiled and subsequently soap-scoured and con- 
centrating them to approximately 30 ml. and then 
separating the waxes from the water-soluble mate- 
rials by use of the Conrad water-alcohol-chloroform 
phase separations [9]. It was found that the quan- 
tities of waxes obtained were lower than those yielded 
by the regular Conrad techniques using ethyl alcohol. 
A comparison of the values is given in Table IV. 

The Conrad technique for determining wax has 
been found to be more efficient than any other tech- 
nique tried when water-soluble substances are ex- 
cluded. It is doubtful that any one solvent will re- 
move all the wax from cotton within a reasonable 
length of time. Hot ethyl, or isopropyl, alcohol gives 
more nearly complete extraction, however, than any 
other solvent tried. The effectiveness of ethyl al- 
cohol in removing wax from cotton may be due to its 
ability to mix readily with both hydrophobic and 
hydrophilic materials. In general, the differences in 
quantity of wax extracted by various solvents may 
possibly be due to poor penetration, selective solu- 
bilities of the solvent used, or to inaccessibility of the 
wax. 

The extractives from the trichloroethylene solvent 
were black and tarry in appearance and had the typi- 
cal fragrant odor of organic esters. Seventy-five 
milliliters of trichloroethylene added to a number of 
dried extractives from other solvents with the ex- 
tracts again dried to constant weight also resulted 
in the tarry appearance and sweetish, fragrant odor. 
Furthermore, in almost every case, there was an in- 
crease in weight. This solvent, therefore, was not 
considered to be satisfactory for wax determinations. 

A comparison of the quantities of extractives ob- 
tained with solvents, other than benzene-methanol, 
indicated the solvents to be decreasingly effective 
in the order named: the Conrad technique using al- 
cohol and chloroform; dried chloroform; diethyl 
ether ; alcohol followed by ether, cold ; acetone; dried 
diethyl ether; chloroform; and benzene. The order, 
however, differed with each type of fabric treatment. 
It would appear advisable, therefore, to consider the 
type of treatment the fabric had received before 
selecting the solvent for extraction. 

When the Conrad technique was used with raw 
cotton, the wax percentage was larger than the total 
extractives obtained with any of the other solvents 
except the benzene-methanol mixture, which, of 
course, contained water-soluble constituents. When 
the extracts from successive 24-hour alcohol and 
ether treatments at room temperature were combined 
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TIME - fo) a } 
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63 61 .50 





20 30 40 50 60 
MINUTES 
Fic. 1. Wax from Empire cotton by the Conrad 
techniques using ethyl and isopropyl alcohols compared 
with those obtained by Soxhlet extraction using chloro- 
form. 


the yield was nearly, but not quite, as much as the 
wax obtained with the Conrad techniyue. Hence, 
since these extractives also contain water-solubles, 
the cotton successively extracted at room tempera- 
ture [27] was probably not completely “dewaxed.” 

When the raw cotton was ground through a Wiley 
mill and thoroughly mixed, the quantities of wax ex- 
tractives obtained by the Conrad technique, chloro- 
form, and dried chloroform extractions were 1.12, 
0.79, and 0.88 percent, respectively (Table III). The 
highest quantities from the same cotton obtained after 
the same time of extraction when the cotton had not 
been previously ground were 0.72 percent with the 
Conrad technique and 0.61 percent with dried chloro- 
form (Figure 2). The increased amounts of ex- 
tractives represent real differences which cannot be 
traced entirely to variations in techniques or experi- 
mental conditions but may possibly be partly caused 
by increased solvent penetration made possible by 
the grinding of the cotton. Knecht and Streat [19] 
report that grinding cotton increased the quantity of 
wax extract. These increases may not necessarily 
be general since data obtained in this laboratory on 
another cotton indicate considerably smaller increases 
due to grinding. Further investigations of this 
phenomenon are now in progress. 
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0.8 


PERCENT WAX 


HOURS 
Fic. 2. Wax from Empire cotton by the Conrad tech- 
niques using ethyl and isopropyl alcohols compared with 
those obtained by Soxhlet extraction using chloroform. 


With gray goods, the carbon tetrachloride and ace- 
tone were the only solvents yielding quantities of 
extractives lower, and diethyl ether the only one 
yielding more, than the Conrad technique. Other 
differences in the values obtained are apparently not 
significant. 

The high wax values for the desized fabric are in 
line with those usually found in this laboratory. 
Desizing agents probably fail to remove all the ex- 
tractable constituents added with the size and may 
even add to that already present on the fabric. 

Except for the differences already discussed, no 
striking irregularities appear in solvent extracts from 
fabrics kier-boiled, kier-boiled and soaped after the 
kier, or bleached with sodium hypochlorite or hydro- 
gen peroxide. 


Conclusions 


Different solvents extracted widely different 
amounts of waxy materials in experiments where 
quantity of solvent and sample, rate and total time 
of extraction, and other laboratory conditions were 
held constant. The Conrad technique using either 
ethyl or isopropyl alcohol was more efficient than any 
other technique tried for extraction of waxy materials 
from cotton. Trichloroethylene is an unsuitable sol- 


vent for use in cotton-wax determinations. A 6- 
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Fic. 3. Wax from Empire cotton by the Conrad 
techniques using ethyl alcohol compared with those ob- 
tained by Soxhlet extraction using chloroform. 


hour extraction period was found to be adequate for 
comparative purposes. Ethyl chloroform, 
carbon tetrachloride, and benzene, in the order named, 
were increasingly harmful to cotton cloth in a 100- 
However, since these 


alcohol, 


hour extraction experiment. 
solvents produced only slight degradation in the ex- 
tracted fabrics, even in that length of time, all of 
them may be safely used in Soxhlet extraction of 


cotton fiber, yarn, or fabric. 
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Mechanical Properties of Textiles, XI* 






Application of the Theory of the Three-Element Model to 
Stress-Strain Experiments on Cellulose Acetate Filaments 


C. H. Reichardt + and Henry Eyring t 


Contribution of The Textile Foundation and Princeton University, 


I. Introduction 


Two experimental methods of examining the me- 
chanical properties of fibers—viz., stress-strain 
measurements at constant rate of elongation and 
creep measurements at constant load—have been 
analyzed in previous papers of this series on the 
basis of the three-element model. Paper IV [3] first 
analyzed a number of experiments on viscose rayon 
fibers on the basis of the three-element model. 
Paper X [5] discussed the creep curves of cellulose 
acetate on the basis of two equivalent three-element 
models, which here are reproduced in Figure 1. As 
was stated in Paper X, creep curves are explained 
best on the basis of Figure 1B, while stress-strain 
curves at constant rate of elongation are explained 
best on the basis of Figure 1A. It is the object of 


this paper to show the correlation of the two 
equivalent models. 

Following the methods described in Papers I, III, 
and IV [1, 2, 3], in examining a typical stress-strain 
experiment at constant rate of elongation, as given 
in Figure 2, on the basis of Figure 1A, the full curve 





A B 


Fic. 1. Three-element model. (This is identical with 
Figure 2, Paper X, in which the symbols s; and S2 should 
be transposed.) 


Frick Chemical Laboratory, Princeton, New Jersey 





represents the total force on the complete model, 
whereas the dashed curve gives the force on the 
open spring, Se, throughout the experiment. The 
difference between the two curves represents the 
force on the Maxwell element as represented by its 
working curve (Figure 4). As the fiber is first 
elongated in a stress-strain experiment, the total 
force on the fiber increases rapidly. The dashpot 
has not yet started to flow. The two springs, s; 
and se, are elongating and the initial slope is thus 
the sum of the two spring constants, k; and ke. 
Thus, : 

dF 
(a 


\ 


ee (1) 
initial 


As the fiber is further elongated it begins to 
yield—that is, the dashpot is now flowing at the 
same rate that the fiber is being elongated, the 
spring, 51, is no longer elongating, and the final 
slope is equal to the spring constant, ke, of the open 
spring, S2, and 


( a ss i (2) 


Reversing the apparatus, so that the fiber is now 
contracting, the springs are relaxing, the dashpot is 
contracting, and the curve is steeper than the initial 
slope on elongation. After a time the dashpot is 
no longer moving, the two springs alone are re- 
laxing, and the slope is equal to the initial slope 
on elongation. 

If the curve in Figure 2 is now examined in the 


* This is the eleventh paper in the series ‘“The Mechanical 
Properties of Textiles.’ The previous papers were published 
in the September and December, 1945, and the January, 
February, March, May, July, and August, 1946, issues. 

+ Fellow of the Textile Research Institute. 

t Formerly Director of Fundamental Research, The Textile 
Foundation. Present address: Graduate School, University 
of Utah. 
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Fic. 2. 


light of the model in Figure 1B, it is seen that when 
the fiber is first elongated, since the dashpot is not 
yet flowing, the initial increase in force is due to the 
elongation of the spring, s’. The initial slope is 
thus equal to the spring constant, k’, of the spring, 
s’, and relating this to the preceding paragraph it 
is seen that 


(Tr) =k, + ke = k’. (3) 
dl initial 


As the fiber yields, the dashpot, as before, is starting 
to flow at the same rate that the fiber is being 
elongated and the final slope is attributable to the 
elongation of both springs s and s’. Since these 
springs are in series, the reciprocals of the spring 


Typical stress-strain curve as obtained on the Sookne-Rutherford autographic balance (Fiber 1). 


constants are additive and they can be related to 
those of the other model by 


1 1 1 
=S——_- = +=: 


a” 
dl final 


II. Method of Analysis 


(4) 


The solid line in Figure 2 is a typical stress-strain 
curve for cellulose acetate as obtained on the 
Sookne-Rutherford autographic balance. A com- 
plete stress-strain experiment on any fiber actually 
consists of a series of such curves obtained at differ- 
ent rates of elongation for each curve. ‘To prepare 
this curve for analysis, it is convenient to transfer 
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the long relaxation curve obtained on the apparatus 
to a logarithmic scale. The latter portion of the 
stress-strain curve reproduced in Figure 2 is again 
reproduced in Figure 3, with the relaxation curves 
on a logarithmic scale. All other curves reproduced 
in this paper will appear in this latter form. 

The force on the open spring, se, must then be 
established throughout the experiment. In the 
previous section, it was pointed out that the final 
slope of the curve is attributable to the open spring; 
hence this force can be determined at any point in 
the experiment by tracing the point of ultimate 
relaxation of the fiber throughout the experiment 
with this final slope. In this paper the dashed 
curves represent this force on the open spring So. 
During an elongation the force on the open spring 
is increasing; during a contraction, it is decreasing 
with this same slope; while during a relaxation, it 
is remaining constant. This dashed curve should, 
as pointed out in previous papers, cut the experi- 
mental curve through the points of constant slope; 
that is, the angles it makes with the experimental 
curve should be equal throughout the experiment 
for a given rate of elongation. This open spring 
force curve-should also pass through the origin of 
the experimental curve; that is, in a series of experi- 
mental curves this dashed curve should connect all 
of the points of ultimate relaxation. The distance 
between the experimental curve after yielding and 
the dashed curve, which represents the force, f., on 
the Maxwellian element, should also be equal for 
every elongation throughout an experiment at any 
one rate of elongation. If these conditions do not 
hold, then the three-element model is not applicable 
and a method similar to that described in Paper 
IX [4] must be used to explain the behavior of 
the fiber, 


Figure 2, with the relaxation curves on a logarithmic scale. 


1. The Spring Constants 

In the experiment given in Figures 2 and 3, the 
rate of elongation of the apparatus was 4.8 X 107% 
cm/sec, and as the length of the fiber under analysis 
was 7.1 cm, the rate of elongation of the experi- 
ment, p, is 


—3 
= =—* ae = 6.76 X 10-4 sec. (5) 


The radius of the fiber, as calculated’from the denier 
and the density, was 9.5 X 10-‘ cm. As the dis- 
tance between the two curves after yielding (f, in 
Figure 2) is equivalent to a load of 2.016 grams, the 
load, a, on the Maxwellian element is given by 


Gfe _ 980 X 2.016 
mr? (9.5 X& 1074)? 
= 6.96 X 10° dynes/cm? (6) 





a= 


and : 
ae log 28 Bs 8.3 
a 6.96 X 10° 
= 1.19 X 10-8 cm?/dyne. 





The spring constants are determined from the 
initial and final slopes through equations (3) and 
(4). Thus for Figure 2 
ae ail mace " 

= 4.77 X 10" dynes/cm? (3) 
and 


Z) = ko = 3.72 X 10° dynes/cm*. (7) 
dl final 


Therefore from equation (4) 


a a oe 1 _ 1 
k ke k’ 3.72109 4.77 X 10" 





k = 4.05 X 10° dynes/cm?. 





Fic. 4. Working curve for Figure 2. 
2. The Viscous Constants 

The viscous constant, 8, can be determined by 
any one of several methods: 

(a) The experimental curve at the yield point is 
dependent on 8. When @ is large, the yield point 
becomes sharper or more definite, while for small 8 
the yield point is very gradual. Following the 
method of Paper I [1], Section 1V, B, the value of 
8 can be calculated by determining the force, fe, on 
the dashpot at the time, fz, which is twice the time, 
t;, it takes the force to reach one half of the final 
Thus in Figure 2 the total force on the 
dashpot is found to be 2.016 grams. One half of 
that load is reached at ¢; = 10.4 seconds. The 
force, fz, at twice this time is found to be equal to 


value, fix. 
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1.85 grams, or, in reduced units, 


fa 285 


fe red. (8) 
From Figure 5, using this reduced value of fe, 8 is 
determined. 

B = 2,000. 

(b) The second method of determining £6 arises 
from the relaxation curve, which is a function of 
the Maxwellian element alone. The value of the 
reduced force, fe, acting on the dashpot at a time fz 
is obtained from the logarithmic relaxation curve 
(te is twice the time, ¢;, it takes the force to reach 
one half of its initial value, f,). Following the 
method described in Paper | [1], Section IV, C, it 
is seen that for the first relaxation curve in Figure 3 


“is fe _ , _ 1.180 
fared. = | , 2.016 

And from Figure 5, Paper X [5], 

a = 8.24. 


log 28, 
1,900. 


1 = 0.414. (9) 


Since, for large 8 
(10) 


a 


8 


(c) A method of determining 6 that does not de- 
pend on the shape of the curve but is determined 
from scale factors alone is obtained from a series of 
experiments at differing rates of elongation. The 
equation governing the ratio 


Ay, 
R=-—, 


ay, 


(11) 


where @; refers to the value of f, at the slower rate 
and a, to the rate times as fast, given in the ap- 
proximate form for large values of 8, is 


1 
6 = 1 (Ri) , (12) 
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0.75 
0.01 0.1 1.0 


Fic. 5. 


time elapsed from the application of the load until it reaches one half its final value. 
The corrected graph is reproduced above.) 


graph, Figure 9, Paper I, was in error. 


where 8 refers to the slower rate. £6 for the faster 
rate is times 8 for the slower rate. 


3. The Theoretical Curve 
The working curve, Figure 4, for the Maxwellian 
element for each value of 6 is calculated from the 
equation, 
1 
l1+ a — tanh At | 
tn J vB? + 1 | 
n . = - 1 _ B —_ — a 
+ ane tanh At 








by substituting the proper values of f and ¢ for the 
reduced terms obtained. 

The theoretical curve is then constructed using 
this working curve and the force on the open spring, 


TABLE I. 


10,000 100,000 


100 1,000 


Diagram for evaluating B from the reduced force, {2, acting on the dashpot at a time, tz, which is twice the 


(The upper portion of the original 


as indicated by the dashed curve. The exactitude 
of the fit of the theoretical curve to the experi- 
mental is naturally an excellent criterion for the 
proper value of the viscous constant 8, and thus it 
is another method of determining the value of 8. 
The rate constant, AK, of the dashpot is evaluated 
from the value for 8 and the rate of elongation, p, 


since 


(14) 


The volume of flow, V;, is calculated from the 


equation 


V; = 2koTo, (15) 


where kp is the Boltzmann constant, T is the abso- 
lute temperature, and 
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III. Discussion of Results 


The data in Table I were taken as typical from a 
series of experiments on 3.5-denier cellulose acetate 
filaments conditioned at 56.9 percent relative hu- 
midity. The experiments were conducted at room 
temperature, 27°C. The spring constants of differ- 
ent filaments and of the same filament at differing 
rates of elongation are in good agreement with one 
another. It is seen that these results are also in 
good agreement with the results of Steinberger on 
the creep of 3.75-denier cellulose acetate filaments 
at 60 percent relative humidity, which were dis- 
cussed in Paper X and are reproduced in Table I. 

The values of viscous constant 6 are not in as 
good agreement with one another as are the spring 


constants. Unlike the spring constants, 8 is pro- 


Stress-strain curve of Fiber 2. 


portional to the rate of elongation. The values of 
8 given in the first two columns (9, 10) of Table | 
were calculated by the first method described previ- 
ously (7.e., from the shape of the stress-strain curve). 
These values can be expected to vary greatly, as 
small fluctuations in the experimental curve at the 
point, f2, would cause large errors in 8. The next 
two columns (11, 12) of 8 values were calculated by 
the second method (i.e., from the relaxation curve). 
This method should, and does, give better 8 values 
than that dependent on the shape of the curve as 
it is measured over longer periods of time and small 
mechanical fluctuations are canceled out. Ina few 
of the filaments tested, particularly after they had 
been exposed to several cycles of tests, the upward 
relaxation gave low values of 8 (column 12, Table 1), 
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Fic. 7. Stress-strain curve of Fiber 32. 






indicating poor recovery power in cellulose acetate. of these values of 8 and the spring constants. That 
In one case: at a very slow rate of elongation, the the experimental curves are in good agreement with 
force on the fiber did not increase at all as it the theoretical can be seen. 

generally does. Column 13 gives the 6 values calcu- In discussing Steinberger’s creep data (Paper X 
lated by the third method (i.e., ratio of the total [5]) it was noted that at higher relative humidities 
force on the dashpot at differing rates of elongation); the load used was too heavy; at lower relative 
this is also a more accurate method of determining humidities the loads were too small. The experi- 
68 than that depending on the shape of the stress- ment at 60 percent relative humidity was carried 
strain curve. Column 14 lists the values of 8 which out perhaps with the ideal load. In comparing 
were taken as being average for that rate of elonga- that experiment with the work in this paper, it is 
tion; those values of 8 were used in fitting the noticed that the load, a, on the Maxwellian element 
experimental curves and in calculating the other as obtained here is approximately equal to the load 
viscous constants. The points on Figures 2, 3, 6, Steinberger used in his run. Thus it is conceivable 
and 7 are theoretical and are calculated on the basis _ that the criterion for the load to use in creep experi- 
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ments is the load on the Maxwellian element ob- 
tained from stress-strain experiments. 
The tendency of cellulose acetate to give low 
values of 6 from the upward relaxation curves, par- 
ticularly after several cycles of tests on one fiber, 
and the tendency not to have any upward relaxation 
at all in experiments at low rates of elongation are 
experimental manifestations of the known poor re- 
covery power of cellulose acetate. This tendency 
indicates another reason why the relaxation curves 
give more reliable information of the viscous con- 
stants than does the shape of the stress-strain curve. 
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ANALYSIS: TESTING: 
LABORATORY METHODS 


* 


Testing Chemical Resistance 


Apparatus for studying the destruc- 
tion of textiles bychemicals. I. G. 
Nagatkin and V. S. Artemova. 
Tekstil. Prom. 5, No. 11/12, 56 
(1945) (through Chem. Abstr. 40, 
5571! (Sept. 20, 1946)). 


A tube drawn to a capillary at the 
upper end is fitted with a _per- 
forated rubber stopper at the lower 
end. A 3-way stopcock admits 
chemical to the tube (or draws it 
off) through the rubber stopper. 
The sample to be tested is fastened 
with one end to the rubber stopper 
and with the other to a thread, 
which passes through the capillary, 
over a pulley, and supports a weight. 
After the chemical is admitted the 
time is noted when the tested 
specimen breaks under the load. 
Text. Research J. Dec. 1946 


Standard Color Cards 


Spectrophotometric and colorimetric 
determination of the colors of the 
TCCA standard color cards. G. 
Reimann, D. B. Judd, and H. J. 
Keegan. Am. Dyestuff Reptr. 35, 
P323-9, P333-4 (July 1, 1946); 
cf. T.R.J. 16, 344 (July 1946). 


The colors of the two standard color 
cards, the United States Army 


Color Card and the Standard Color 


language publications is given on page 84 of the February, 1946, tssue. 


Card of America, have been deter- 
mined by basic spectrophotometric 
and colorimetric procedures. From 
this study there have been found 
daylight reflectance, Y, I.C.I. chro- 
maticity coordinates (x, y), Munsell 
book notations and renotations, and 
ISCC-NBS color designations. 
These results permit the TCCA 
standards to be correlated with the 
American War Standard Z44—1942. 
Text. Research J. Dec. 1946 Authors 


Determination of Polymer 
Density 


Use of density-gradient tube in the 
study of high polymers. R. F. 
Boyer, R. S. Spencer, and R. M. 
Wiley. J. Polymer Sct. 1, 249-58 
(Aug. 1946). 


A density-gradient tube is a vertical 
glass:cylinder in which a vertical 
density gradient of any desired 
magnitude can be maintained in a 
stable condition for prolonged peri- 
ods by correct choice of pairs of 
miscible liquids of different densi- 
ties. The authors have found that 
the density of polymer particles can 
be quickly determined by this ap- 
paratus, using the floating method. 
These density measurements have 
been used to study rates of crystal- 
lization of polymers, the homo- 
geneity of copolymers, and rates of 
polymerization. It is suggested as 
a means of determining molecular- 
weight distributions. _E. D. Klug 
Text. Research J. Dec. 1946 






Wettability of Fibers 


New dynamic method for determin- 
ing the wettability of fibers. R. 
Fal’kovich. Tekstil’naya Prom. 
6, No. 3, 25 (1946) (through 
Chem. Abstr. 40, 5925° (Oct. 10, 
1946)). 


A 5-gram bundle of fibers is sus- 
pended from one end of a beam 
the other end of which moves along 
an upright scale. The fibers are 
weighted with 20 grams and are 
submerged in distilled H,O. Read- 
ings are taken periodically and are 
calculated in terms of completely 
wetted fibers taken as 100%. 

Text. Research J. Dec. 1946 


CHEMICAL AND PHYSICAL 
RESEARCH 


* 
Theory of Acetate Spinning 


A theory of the process of spinning 
in the production of artificial 
fibers, especially the spinning 
(with stretching) of cellulose ace- 
tate. Arnulf Sippel. Z. Elek- 
trochem. 50, 152-63 (1944) 
(through Chem. Abstr. 40, 5245° 
(Sept. 10, 1946)). 


Simple formulas are established for 
the rate of diffusion of acetone from 
the fiber in the precipitating bath 
and the change of fiber radius during 
stretching. From these relation- 
ships, formulas are derived which 
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relate the speed of spinning, bath 
length, thread number, spinneret 
radius, stretching, and concentra- 
tion of the spinning solution. The 
use of the formulas in predicting 
the effect of changes in the opera- 
tions is indicated. 

Text. Research J. Dec. 1946 


Diffusion Constant 
of Cellulose 


Sedimentation and diffusion of cel- 
lulose molecules. J.J. Hermans. 
J. Polymer Sci. 1, 233-6 (Aug. 
1946). 


Sedimentation and diffusion con- 
stants at infinite dilution for various 
samples of cotton, ramie, and wood 
pulp are given. It is found that 
the sedimentation constant is pro- 
portional to N} and the diffu- 
sion constant is proportional to 
(1 + N*)/N, where N represents 
the number of statistical chain 
elements in the chain in Kuhn’s 
sense. It is concluded that the 
cellulose chains are randomly coiled 
structures in solution. E. D. Klug 
Text. Research J. Dec. 1946 


Nitrogen Derivatives of 
Cellulose 


$-aminoethoxyl- and (-cyanoeth- 


oxylcellulose acetates. Thomas 
S. Gardner. J. Polymer Sci. 1, 
289-92 (Aug. 1946). 


B-aminoethoxylcellulose acetate was 
prepared by reacting cellulose diace- 
tate with ethyleneimine for 4 hrs. 
at 100°C under pressure. The prod- 
uct contained 0.19 aminoethoxyl 
group/glucose unit. A similar prod- 
uct was prepared with cellulose 
acetate propionate. $-cyanoeth- 
oxylcellulose, prepared by refluxing 
acrylonitrile with alkali cellulose, 
had a degree of substitution of 
about 2.3 but was incompletely 
soluble in organic solvent. Various 
samples of 6-cyanoethoxylcellulose 
acetate were prepared by reacting 
cellulose acetate with acrylonitrile 
in the presence of (1) aqueous 
NaOH, (2) pyridine, (3) trimethyl- 
amine and by acetylating 8-cyano- 
ethoxylcellulose in pyridine. Many 
of these products were soluble in 
organic solvents. Films of all of 


these ether esters were dyed with a 
typical wool-type dye, xylene bril- 
liant blue. E. D. Klug 
Text. Research J. Dec. 1946 


Oxidation of Cellulose 


The oxidation of cellulose with 
buffered periodic acid and the 
isolation of decomposition prod- 
ucts of the oxidized cellulose. 
Georg Jayme and Spyros Maris. 
Ber. 77B, 383-92 (1944); cf. 
C.A. 38, 21977 (through Chem. 
Abstr. 40, 5242° (Sept. 10, 1946)). 


The oxidation of cellulose with 
buffered HIO, (J) soln. is studied 
to obtain new decompn. products 
in high yield. The course of the 
oxidation of cotton linters (JJ) with 
buffered and unbuffered J proceeds 
in a way similar to that of xylan 
(cf. C.A. 38, 1213°). With the 
buffered J, the oxidation occurs 
more rapidly until the theoretical 
amt. of J is consumed, then the 
reaction slows down considerably ; 
with the unbuffered soln., the oxida- 
tion proceeds more slowly and con- 
tinues even after the theoretical 
amt. of J has reacted. With the 
buffered J, considerably higher 
yields of oxidation products are 
obtained ; the fibers shrink markedly 
even the Ist day; this indicates that 
the reaction takes place uniformly 
throughout the fiber, whereas with 
the unbuffered J, the reaction pro- 
gresses from layer to layer. When 
the oxidation is carried out in 2 
stages, with 10% buffered J for 
6 days at room temp., then with a 
6% I for 3 days, 97.5% (theoretical, 
98.76%) polymeric aldehyde (IJ) 
is obtained (cf. Jackson and Hudson, 
C.A. 32, 5246'). III is subjected 
to the following reactions: (a) hy- 
drolysis, (6) oxidation with Br fol- 
lowed by hydrolysis, and (c) hydro- 
genation in alk. soln. in the presence 
of Raney Ni to the polymeric alde- 
hyde alc. (JV). Kier-boiled and 
bleached JI (99.48% a-cellulose, 
0.24% ash, Cu no. 0.7, MeOQH— 
CeHe ext. 0.22%, polymerization 
degree 775, dry content 94.29%) 
(6 g.) is kept in 93 cc. 9.6% I 
soln. contg. 7.91 g. AcONa-3H,0 
for 6 days at room temp. After 
this the cellulose is filtered, washed 
with 4 |. distd. H.O, and air-dried. 
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Yield 99%. Reduction power ac- 
cording to Bertrand is 54.5% Cu. 
This product (4.9 g. absolutely dry) 
is treated in the same way with 
83.5 cc. of a 5.3% I contg. 3.95 g. 
AcONa-3H,0 for 3 days. The 


filtered, washed, and air-dried JJJ 
has a reduction power of 62% Cu. 
ITI (3 g.) is refluxed for 12 hrs. 
with 120 cc. HO, filtered, enough 
N HCl or N H.SO,g is added to give 
150 cc. of an 0.1 N acid soln., and 
the mixt. heated for 17 hrs. After 
removal of the acid with AgsCOs; 
or BaCOs resp., 53.5% glyoxal- 
phenylosazone (V), m. 167°, is 
found; glyoxalbenzylphenylosazone, 
light-yellow needles, m. 197°. The 
p-erythrose is not detd. in this 
expt. To a suspension of 11.2 g. 
III in 91 ce. distd. HO, 13.7 cc. 
Br is dropped with stirring, the 
mixt. kept for 4 days at room temp., 
and the excess Br removed in vacuo 
at 30°. Half of the mixt. is neu- 
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tralized with Ba(OH). to give 
10.64 g. of a Ba salt (VJ), contg. 
31.6% Ba. On decompn. of VJ 
with H.SO,, 66% polymeric alde- 
hyde acid (VJJ) is obtained as a 
light-brown resin, very sol. in H2O. 
In a 2nd expt. in which the oxida- 
tion with Br is carried out for 5 
days, 95.1% VII (based upon dry 
ITI) is obtained. Hydrolysis of 
VII by refluxing with 0.1N HCl 
for 20 hrs., and treatment of an 
aliquot part of the soln. with 
PhNHNH, (VIII) give 39.8-48% 
V. After removal of the excess 
VIII in the filtrate with BzH, the 
filtrate is neutralized with Ba(OH)», 
and evapd. to dryness to give 4.307 
g. Ba salt, contg. 47.4% Ba. This 
is decompd. with the calcd. amt. of 
H,SO, and converted into 68% 
brucine salt of D-erythronic acid, m. 
210-12°, [a] — 22.5° (HO). Re- 
duction of JII (9.4 g. absolutely 
dry) in 219 cc. H.O and 0.18 g. 
Ba(OH)>» in the presence of Raney 
Ni (JX) from 0.5 g. Ni—Al, for 
174.5 hrs. with intermittent addn. 
of fresh JX and Ba(OH)s, causes 
the absorption of 2498 cc. H. After 
removal of the Ba with H.SOx,, the 
filtered soln. is hydrolyzed with 
HCl, and up to 39% inactive ery- 
throl is isolated as the dibenzylidene 
deriv., m. 197°. 

Text. Research J. Dec. 1946 


Oxidation of Cellulose 


Chemical conversion of macromole- 
cules of cellulose under the influ- 
ence of oxidizing agents. I. The 
stability of the glucose bonds in 
cellulose. E. D. Stakheeva-Ka- 
verznevaand V.I. Ivanov. Bull. 
acad. sci. U.R.S.S., Classe sci. 
chim. 1945, 603-8 (in English, 
608) ; cf. C.A. 39, 1755° (through 
Chem. Abstr. 40, 52444 (Sept. 
10, 1946)). 


Monotrityl cellulose ethers, in which 
only the primary OH is substituted, 
are not oxidized in cupric ammo- 
nium suspension or in pyridine 
solution by atmospheric O. This 
indicates that oxidation of cellulose 
begins by conversion of the primary 
OH to aldehyde, which isomerizes 
with rupture of the cellulose chain. 
Text. Research J. Dec. 1946 


Solutions of Cellulose 


Protective colloid action by cellu- 
lose xanthate. Philip C. Scherer. 
Rayon Text. Mo. 27, 409-14 
(Aug. 1946). 


Solutions of cellulose in NaOH re- 
quire less methyl alcohol to bring 
about precipitation of the cellulose 
than do mixed solutions of cellulose 
and cellulose xanthate in NaOH. 
In the mixed solutions, resistance to 
precipitation increases as the xan- 
thate content increases while simple 
cellulose xanthate solutions show 
slightly decreasing resistance to 
precipitation with increasing xan- 
thate concentration. Itis concluded 
that cellulose xanthate acts as a 
protective colloid which prevents 
agglomeration of the dispersed cellu- 
lose. This protective power is inde- 
pendent of the ageing time of the 
alkali cellulose from which the 
cellulose xanthate is made, and of 
the sulfur-cellulose ratio of the par- 
ticular xanthate used. A substan- 
tial amount of supporting data is 
given. J. F. Keating 
Text. Research J. Dec. 1946 


Foam Formation and 
Stability 


Foam formation and stability. D. 
Dervichian. Corps gras, savons 2, 
164-71 (1944) (through Chem. 
Abstr. 40, 52714 (Sept. 10, 1946)). 

A review with 10 references. It is 
emphasized that: foam phenomena 
and lowering of the surface tension 
of liquids are not directly related to 
each other, but that both are 
secondary effects due to the pres- 
ence of a surface-active material. 

Text. Research J. Dec. 1946 


The Gomberg Reaction 


The mechanism of the Gomberg 


reaction. H. H. Hodgson. J. 

Soc. Dyers and Colourists 62, 199- 

202 (July 1946). 
Various data connected with the 
Gomberg reaction are collected and 
discussed from the viewpoint that, 
although diaryl formation is ex- 
plicable on a radical mechanism, 
the origin of the radicals is in the 
decomposition of the diazonium 
ions rather than in that of the 
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isomeric, covalent diazo compounds. 
The difference in the reaction of 
diazonium salts with 2-hydroxy- 
1:4-naphthaquinone in acetic acid 
and alkaline media, respectively, is 
readily explainable by modern reso- 
nance theory. Author 
Text. Research J. Dec. 1946 


Properties of Hexanolamine 
Oleate 


Physical-chemical properties of so- 
lutions of the colloidal electrolyte 
hexanolamine oleate. Emanuel 
Gonick and James W. McBain. 
J. Colloid Science 1, 127-135 
(Mar. 1946). 

As the concentration of aqueous 

solutions of hexanolamine oleate 

(the 4-methyl, 4-aminopentanol-2 

salt of oleic acid) is increased, 

solutions change from _ isotropic 
liquids to solid gels (12% soap) 
to isotropic liquids (28.8% soap) 
to a mixture of isotropic and aniso- 
tropic phases (28.8 to 39.5% soap) 
and to homogeneous anisotropic 
liquids of varying viscosity (39.5 to 
80% soap). Freezing point, con- 
ductivity, viscosity, and transport 
data are given for the aqueous 
solutions. The osmotic coefficients 
follow Brady’s curve for branched 
chain compounds. The existence 
of small micelles which contribute 
very little to the freezing-point 
lowering but have substantial con- 
ductivities is shown by the fact that 
the conductivity ratio is consider- 
ably greater than the osmotic 
coefficient. The fact that the ca- 
tionic transport number is negative 
and that for the anion is greater 
than unity further demonstrates 
the presence of conducting micelles 
which must include hexanolammo- 
nium ions. E. D. Klug 
Text. Research J. Dec. 1946 


Pectin 


Effect of methoxyl content of pectin 
on the properties of high-solids 
gels. Harry S. Owens and W. 
Dayton Maclay. J. Colloid Sct. 
1, 313-26 (July 1946). 

The maximum pH at which high- 

solids pectin gels can form decreases 

from 3.5 for purified pectins of 10 

to 11% methoxy] to 2.9 for pectins 
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of 5% methoxyl, providing alkali 
or possibly acid is used as the 
catalyst. The maximum pH of 
gelation is not markedly affected 
by molecular weight or pectin 
concentration, but the moduli of 
rigidity which can be measured 
reliably increased with the molecu- 
lar weight. No optimum pH value 
was observed for pH-moduli curves. 
Text. Research J. Dec. 1946 E. Klug 


Polyethylene 


Poly-Ethene. R. Houwink. Brit. 
Plastics 18, 192-8 (May 1946). 


A review of the chemical and phys- 
ical properties of polyethylene in 
comparison with polystyrene, gutta- 
percha, and rubber. E. F. Evans 
Text. Research J. Dec. 1946 


Ramie Fiber 


Silver dichroism of micellar systems 
with fibrous structures. A. Frey- 
Wyssling and O. Wialchli. J. 
Polymer Sci. 1, 266-74 (Aug. 
1946). 

A study of the crystal structure of 

silver deposited in ramie fiber. 

Text. Research J. Dec. 1946 EE. D; Klug 


Sedimentation Velocity of 
Macromolecules 


The sedimentation velocity of long- 
chain macromolecules. J. J. Her- 
mans. Rec. trav. chim. 63, 219-25 
(1944) (in German) (through 
Chem. Abstr. 40, 4938° (Sept. 10, 
1946)). 

Burgers’ formula for the sedimenta- 

tion velocity of spherical particles 

(C.A. 37, 36528) was modified to 

apply to randomly-kinked long- 

chain molecules. The velocity is 
inversely proportional to the 7 of 

the medium and the length of a 

monomeric unit and directly pro- 

portional to the force on a mono- 

meric unit and the factor (1 + N%), 

where N is the number of statistical 

fiber elements. This is in agree- 
ment with experimental data (from 
the literature) for 2 of the 3 cases 

examined. If N is large, (1 + N') 

approaches N?, which is the pro- 

portionality factor introduced by 

Kuhn and Kuhn (C.A. 38, 673%) for 

the case of tightly coiled molecules 


that do not permit free flow of liquid 
through the chains. The theoret- 
ical treatment of K. and K. is in 
accord with H.’s views. It is em- 
phasized that the hydrodynamic 
interaction in tightly coiled mole- 
cules is much less effective in the 
presence of a strong velocity gradi- 
ent. For this reason, some polymer 
solutions conform to Staudinger’s 7 
rule, although the sedimentation con- 
stants vary with molecular weight. 
Text. Research J. Dec. 1946 


Viscosity of Fiber 
Molecules 


An explanation by means of a 
model of the inner viscosity (the 
form viscosity constant) of fiber 
molecules. I. Werner Kuhn and 
Hans Kuhn. Helv. Chim. Acta 
29, 609-26 (1946) (in German) ; 
cf. C.A. 40, 3327! (through Chem. 
Abstr. 40, 4937° (Sept. 10, 1946)). 


The dependence of the inner vis- 
cosity on restricted rotation within 
the fiber molecule is studied on the 
basis of a statistical model. The 
square of the change, due to rota- 
tion, of the distance, Ah, between 
the two ends of a fiber molecule 
dissolved in a solute having a 
vanishingly small viscosity is pro- 
portional to the time and, in a 
homologous polymer series, is pro- 
portional to the degree of poly- 
merization. The time in which Ah 
amounts to twice the average dis- 
tance between the ends of a sta- 
tistically coiled molecule is called 
the macro time of configuration 
change and is independent of the 
degree of polymerization. A diffu- 
sion constant applied to the move- 
ment of the ends of the molecule is 
proportional to the degree of poly- 
merization and is also proportional 
to the form viscosity constant. 
The form viscosity constant di- 
vided by the degree of polymeriza- 
tion is a constant for a homologous 
polymer series. The excitation en- 
ergy connected with the restricted 
rotation is calculated from measure- 
ments of viscosity and streaming 
double refraction. The excitation 
energy in calories per mole is 11,000 
for nitrocellulose in butyl acetate, 
8,500 for nitrocellulose in cyclo- 
hexanone, 7,600 for methylcellulose 
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in water, and 11,400 for polystyrene 
in cyclohexanone. 
Text. Research J. Dec. 1946 


Viscosity-Molecular-Weight 
Relationship 


Relation between molecular weight 
and intrinsic viscosity of poly- 
methyl methacrylate. J. H. Bax- 
endale, S. Bywater, and M. G. 
Evans. J. Polymer Sci. 1, 237-44 
(Aug. 1946). 


In the polymerization of methyl 
methacrylate with ferrous ion-hy- 
drogen peroxide, the log [m] was 
found to be proportional to log 
(2Am/a) where [7] is the intrinsic 
viscosity of the polymer, Am is the 
moles/liter of monomer polymerized 
and a is the moles of hydrogen 
peroxide/liter used. It follows that 
one molecule of hydrogen peroxide 
is required to initiate and one 
molecule is required to terminate 
each polymer chain. Polymer, pre- 
pared with ferrous ion-hydrogen 
peroxide, was fractionated and the 
average chain length of the frac- 
tions was determined osmometri- 
cally. From these data and in- 
trinsic viscosities, both measured 
in benzene, the constants K and a 
in the expression n = K[ ]* where 
n is the chain length were de- 
termined. For benzene solution 
n = 2810[y]'-*. Using data of 
Schultz on polymers prepared with 
benzoyl peroxide, the equation in 
CHCl; solution was calculated to 
bem = 1810[m]}'-*. It is concluded 
that there is little if any difference 
between polymers prepared with 
ferrous ion-hydrogen peroxide and 
benzoyl peroxide. E. D. Klug 
Text. Research J. Dec. 1946 


Reaction of Sulfur 
with Olefins 


Modern views on the chemistry of 
vulcanization changes. I. Na- 
ture of the reaction between 
sulfur and olefins. E. Harold 
Farmer and F. W. Shipley. J. 
Polymer Sci. 1, 293-304 (Aug. 
1946). 

Unaccelerated reaction between sul- 

fur and monolefins like cyclohexene 

gives cross-links almost entirely. 

With diolefins like dihydromyrcene, 

intramolecular cross-linking, i.e., cy- 
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clization, occurs mainly, with some 
intermolecular polysulfide cross- 
linking. A free-radical mechanism 
is suggested. Experimental details 
are omitted. E. D. Klug 
Text. Research J. Dec. 1946 


Reaction of Olefins with 
Hydrogen Sulfide 


Modern views on the chemistry of 
vulcanization changes. II. Role 
of hydrogen sulfide. Ralph F. 
Naylor. J. Polymer Sci. 1, 305- 
11 (Aug. 1946). 


The addition of H.S to olefins is 
catalyzed by small amounts of 
sulfur, but the rate of addition is too 
slow to provide a satisfactory basis 
for an H.S-actuated mechanism of 
vulcanization. The main products 
with polyisoprenes are substituted 
pentamethylene sulfides, derived by 
intramolecular normal addition of 
the initially formed monomercap- 
tans. In the presence of ultraviolet 
light, the main products are mono- 
mercaptans and substituted penta- 
methylene sulfides. The mecha- 
nism of vulcanization is discussed 
in light of these data. Experi- 
mental details are omitted. 

Text. Research J. Dec. 1946 E. D. Klug 


Chemistry of Vulcanization 
Modern views on the chemistry of 


vulcanization. III. Reaction of 
sulfur with squalene and with 
rubber. George F. Bloomfield. 
J. Polymer Sct. 1, 312-17 (Aug. 
1946). 
Squalene which contains 6 isoprene 
units reacts with sulfur in much the 
same way as the di-isoprene, di- 
hydromyrcene, in that intramolecu- 
lar sulfide linkages as well as inter- 
molecular polysulfide linkages are 
formed. The action of sulfur on 
rubber in the absence of accelera- 
tors, etc., seems to be the same. 
With accelerators, sulfur reacts with 
the thiol groups of mercaptans, 
forming di- and polysulfides and 
H.S. In the presence of rubber, this 
reaction occurs without the libera- 
tion of H.S; it appears that thiol 
groups are intermediate in the for- 
mation of di- and polysulfide cross- 
links. Experimental details are 
omitted. E. D. Klug 
Text. Research J. Dec. 1946 


Starch-Fatty Acid Complex 


The complexes of fatty acids with 
amylose. F. F. Mikus, R. M. 
Hixon, and R. E. Rundle. J. 
Am. Chem. Soc. 68, 1115-23 
(June 1946). 


The method of Schoch and Williams 
(J. Am. Chem. Soc. 66, 1232) was 
used to obtain amylose-fatty acid 
precipitates. Amyloses with a heli- 
cal chain configuration will bind 
fatty acids whereas amylose with 
an extended chain configuration will 
not. Bound fatty acids may be ex- 
tracted with methanol but not with 
carbon tetrachloride. The fatty 
acids, like iodine, are held in the 
holes in the center of the helical 
amylose tubes, not in the interstices 
between these tubes. This struc- 
ture of the complex explains quanti- 
tatively the fatty-acid content of 
the complex, the effect of previous 
fat content on the binding power of 
the defatted granules, the low fat 
content of waxy starches, the differ- 
ences between many solvents in fat 
extraction, and the inability of 
amylopectin to bind fatty acids. 
The force between the amylose and 
the complexing agent is explained 
in terms of dipolar interactions, 
adopting the mechanism suggested 
for the iodine complex (J. Am. 
Chem. Soc. 65, 1707). 

A. R. Macormac 
Text. Research J. Dec. 1946 


Chlorine Derivative of 
Starch 


The chlorination of starch with 
phosphorus pentachloride. H.N. 
Barham, E. S. Stickley, and M. J. 
Caldwell. J. Am. Chem. Soc. 68, 
1018-24 (June 1946). 


Pentachlorostarch was prepared as 
follows: 40 g. of corn starch dried for 
12 hrs. im vacuo at 100°C was mixed 
with 540 g. dry, finely ground 
phosphorus pentachloride and heat- 
ed in 3 steps, keeping anhydrous 
condition throughout. The 1st step 
was 15 to 17 hrs. at 100—105°C. 
The 2nd was about 24 hrs. at 125- 
135°C and the 3rd was 160—-170°C 
for 8 hrs. The completion of the 
different stages could be determined 
by the appearance of the mass. 
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The final residue was treated with 
ice water to remove the residual 
phosphorus pentachloride and then 
scrubbed with cold water. The 
pentachlorostarch was a yellow-to- 
orange amorphous solid. Chemical 
evidence leads to the conclusion 
that chlorine atoms are on carbons 
2, 3, 5, and 6 of the glucose ring; the 
5th atom is probably on carbon 1. 
At least one of the chlorines has 
replaced a hydrogen. 

A. R. Macormac 
Text. Research J. Dec. 1946 


Action of Bisulfite on Wool 


The chemical constitution and phys- 
ical properties of bisulphited wool. 
E. G. H. Carter, W. R. Middle- 
brook, and H. Phillips. J. Soc. 
Dyers and Colourists 62, 203-11 
(July 1946). 


Evidence is surveyed for the exist- 
ence of 4 subfractions of the cys- 
tine-S of wool (A, B, C, and D) 
which differ in their reactivity to- 
wards sodium bisulfite and alkalis. 
These 4 subfractions fall into 2 
approximately equal main fractions 
(A + B) and (C+D); (A+B) 
gives thiol and S-cysteine-sulfonate 
groups with bisulfite; (C + D) does 
not react with cold bisulfite, but 
under the action of hot bisulfite 
decomposes and yields combined 
a@-aminoacrylic acid. With alkalis, 
fraction (A + B) gives combined 
lanthionine, whereas fraction (C+D) 
again gives combined a-aminoacry]l- 
ic acid. Fibers the (A + B) frac- 
tion of which has been broken do 
not supercontract until after they 
have been boiled; they then super- 
contract even when boiling causes 
the disulfide cross-linkages to re- 
form. Even when boiled, the fibers 
of which only subfraction B has been 
broken will not supercontract. After 
fibers have been boiled in sodium 
bisulfite solution, supercontraction 
cannot be prevented by rebuilding 
fraction (A + B). Evidence is dis- 
cussed in favor of the view that the 
chief factor in the stability of kera- 
tin and other fibrous proteins is 
main-chain adhesion. Polar side 
chains are potential sources of 
weakness since they can give rise 
to swelling and hydration. In the 
keratins their activity is suppressed 
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by the proximity of disulfide cross- 
linkages. Authors 
Text. Research J. Dec. 1946 


Binding of Copper by Wool 


Combination of wool protein with 
heavy metal salts as a function of 
pH. I. Copper sulfate. K. S. 
LaFleur. Am. Dyestuff Reptr. 
35, 383-6, 395-7 (Aug. 12, 1946). 


The copper content of wool swatches 
in equilibrium with copper sulfate 
baths of varying acidity was found 
to increase with increasing pH by a 
method depending upon the quanti- 
tative deposition of the copper 
present upon a platinum cathode in 
a strongly acid electrolytic bath. 
It is judged that with rise in pH the 
increasingly dissociated ‘‘free’’ car- 
boxyl groups in wool constitute the 
determining factor in the binding 
of copper, which is in this case 
apparently totally cationic. The 
usual wool-amino group—sulfate 
combination also takes place. A 
number of experiments which were 
performed in an attempt more ade- 
quately to describe the wool-copper 
sulfate-sulfuric acid-water system, 
as part of a study of the dissociation 
curves of wool protein as a function 
of pH, are described. 

K. S. Campbell 
Text. Research J. Dec. 1946 


BLEACHING: DYEING: 
FINISHING 


* 
Nylon Dyeing 


Some aspects of nylon dyeing. 
A. K. Saville. Am. Dyestuff Reptr. 
35, P58—9 (Jan. 28, 1946). 


A valuable review of the current 
status of nylon dyeing; recent efforts 
to improve the quality of the results 
obtainable in dyeing nylon are 
discussed. Of particular interest 
are the pad-steam process and the 
closed-jig method with acid colors, 
use of vat colors at high tempera- 
tures, and naphthol dyes applied 
by the two-bath method. While 
acetate dyes are still of greatest 
general importance for nylon, se- 
lected members of other classes 








have specific fastness advantages 
and these will probably incréase in 
number. For example, underwear 
fabrics are likely to be dyed with 
vat colors, while azoic colors are 
well suited for men’s half hose, 
because of good wash-fastness prop- 
erties despite the poor light-fastness 
of both of these dyes on nylon. 

K. S. Campbell 
Text. Research J. Dec. 1946 


Dyeing Polyamides 


The action of polyamides during 
dyeing. II. E. Eléd and Th. 
Schachowskoy. Melliand Textil- 
ber. 25, 237-42 (1944); cf. CA. 
38, 2493° (through Chem. Abstr. 
40, 4886° (Aug. 20, 1946)). 


In all polyamides tested dye absorp- 
tion depended on the pH of the 
bath with the possible exception of 
one grade, Igamid U. This de- 
pendence is not due to the increased 
or decreased swelling of the material. 
Polyamides differed in the amounts 
of dye taken up. With 6 hrs.’ dye- 
ing Igamids 6A, IC, and 85B 
showed much greater dye-acid ab- 
sorption than did Igamids B, A, and 
U. It appears that those poly- 
amides which absorb more water 
show likewise larger dye-acid-ab- 
sorption powers. It is concluded 
that the difference in the dye-acid 
absorption between the various 
products depends on various struc- 
tural properties of the different 
polyamides as well as other factors. 
The dependence of dye-acid absorp- 
tion on the concentration of the 
dye liquor is the more noticeable 
with those polyamides which ab- 
sorb the larger amounts of dyes. 
At H-ion concentrations above 0.1 
N, the dye-acid absorption in- 
creases appreciably for all poly- 
amides. This increase of the dye- 
acid absorption is not due entirely 
to the polyamide degradation that 
occurs in the highly acid medium. 
The dyeing properties of all poly- 
amides seem to differ from those of 
proteins, such as wool and silk, 
which reach a saturation value of 
dye absorption at a definite pH 
value. The examination of the 
dye-acid discharge of dyed poly- 
amide in water which was adjusted 
to the same pH value as that of the 
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final pH of the bath showed that 
generally polyamides with larger 
dye-absorption powers also give up 
the dye more rapidly. Exceptions 
to this rule are Igamid IC and B. 
On all polyamides dyes are dis- 
charged further and faster than on 
wool. III. bid. 309-14. Experi- 
mental data are. given on the de- 
pendence of the dye-acid absorption 
of polyamides on the length of the 
dyeing period, the influence of the 
degree of degradation of polyamides 
on the dye intake, the temperature 
dependence of the dye intake, and 
the concentration dependence of the 
dye-acid intake. The polyamides 
differ in velocity of dye-acid absorp- 
tion and in their equilibrium condi- 
tion. Although Igamid A, B, and 
6A are nearly alike in molecular size 
they take up different amounts of 
dye acid. The polyamides are de- 
graded during the dyeing, but this 
does not increase dye-acid absorp- 
tion. For the absorption of the dye 
acid those groups in polyamides are 
significant whose number is changed 
little or none by the degradation. 
Evidently the degree of polymeriza- 
tion plays no decisive role in the 
dye-acid absorption at the pH 
values used. At 85°, 90°, and 95°, 
Igamid 6A absorbs approximately 
the same amount of dye at the 
state of equilibrium while Igamids 
A and B even after 48 hrs. of dyeing 
still differ in dye-acid absorption. 
From the concentration dependence 
of the dye-acid absorption, as well 
as from the fact that Henry’s law 
does not apply, it was concluded 
that the reciprocal action between 
the dye acid and the polyamides is 
caused by intermolecular forces. 
Text. Research J. Dec. 1946 










































Photographic Screen Printing 


Screen printing. I. Screen printing 
as done in textile mills of the 
Baltic republics. I. Shtein. Tek- 
stil. Prom. 6, No. 1, 20-3 (1946) 
(through Chem. Abstr. 40, 5567° 
(Sept. 20, 1946)). 

The pattern on the silk screens used 

in these mills is made by means of 

photosensitive substances. The silk 
is coated with gelatin and photo- 
sensitized with KeCr2O7 or (NH4)o- 

Cr.O;. A layer of varnish may of 

may not be interposed between the 
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silk and the gelatin. The pattern 
is transferred onto the _ gelatin 
photographically. Details of prepa- 
ration of the screen, its use, and 
preparation of the printing dyes are 
described. 

Text. Research J. Dec. 1946 


Screen printing. II. Photographic 
printing. A. Frolov. Ibid., 23 
(through Chem. Abstr. 40, 5568° 
(Sept. 20, 1946)). 

Screen printing in which the screen 

is prepared as a photographic film 

is described as practiced in the 

Moscow silk-finishing plants. 

Text. Research J. Dec. 1946 


Rotproofing 


The dyeing of cotton with mineral 
khaki. Part VII—The fungicidal 
and bactericidal efficiencies of 
cotton yarn treated by various 
mineral khaki processes. E. F. 
Race, F. M. Rowe, and J. B. 
Speakman. J. Soc. Dyers and 
Colourists 61, 310-21 (Dec. 1945). 


To determine what factors were of 
most importance in moldproofing 
cotton treated with chromium and 
iron compounds, yarns were treated 
with 7 types of chromium-iron pig- 
ments and subjected to a variety of 
tests for fungicidal and bactericidal 
efficiencies. It was found that the 
only toxic principle in chrome-iron- 
treated yarns was hexavalent chro- 
mium; this is produced only by the 
chromate development process and 
is not permanent, being hydrolyzed 
by water and reduced by the cellu- 
lose of the material; alkali-soluble 
trivalent chromium plays no part 
in rotproofing. Waterproofing with 
a paraffin wax after-treatment im- 
parts a transient resistance to 
attack by fungi and _ bacteria. 
Moldproofing efficiencies were eval- 
uated by 5 types of tests; viz., a 
deep, vertical soil-burial test, a 
horizontal burial test in petri dishes, 
a test in which yarn was placed on 
the surface of a horse-dung prepara- 
tion, a horse-dung inoculation fol- 
lowed by incubation on filter can- 
dles or in glass jars, and a pure 
culture inoculation. It appears that 
for a comparison of moldproofs 
which do not differ widely in their 
efficacy it is necessary to employ a 


pure culture inoculum with a slight 
amount of nutrient medium pro- 
vided. The testing technique em- 
ployed should be chosen, taking into 
account expected service-life en- 
vironmental conditions. 

Text. Research J. Dec. 1946 K.S., Campbell 


FIBERS: YARNS: FABRICS: 
MECHANICAL PROCESSES 


* 
Bast Fibers 


Structure, properties, and prepara- 
tion of certain bast fibers. Har- 
riette Brita Hanson. Jowa State 
College J. Sci. 20, 365-83 (1946) 
(through Chem. Abstr. 40, 4888' 
(Aug. 20, 1946)). 


A study was made of the relative 
quantity, properties, and extract- 
ability of the fiber of the plants: 
(1) Apocynum cannabinum, Indian 
hemp or dogbane; (2) Cannabis 
sativa L., marihuana hemp; (3) 
Asclepias syriaca L., common milk- 
weed; (4) Asclepias sullivanti En- 
gelm., smooth-leafed milkweed; (5) 
Asclepias verticillata L., a whorled 
milkweed; (6) Gonolobus laevis 
Michx., climbing milkweed; (7) 
Polygonum scandens L., climbing 
false buckwheat; and (8) Linum 
usitatissimum L., flax. The quan- 
tity of fiber in 1, 2, 3, 4, and 6 
justified further study to devise 
means for economical commercial 
production. Fiber cells of 1, 2, 3, 
and 4 were sufficiently similar to 
flax fibers to be spun and woven 
into cloth. Fibers of 1, 2, 3, 4, and 
6 react to reagents used in the care 
of fabrics much as flax fibers react. 
The luster and high quality of 
fiber in 6 merits study in its cultiva- 
tion, processing, and_ utilization. 
Processes for retting on a laboratory 
scale are reported. 

Text. Research J. Dec. 1946 


Fungal Damage to Cotton 


Fungal damage to sun-exposed 
cotton duck. Robert K. Zuck 
and Wm. W. Diehl. Am. J. 
Botany 33, 374-82 (1946) (through 
Chem. Abstr. 40, 48928 (Aug. 20, 
1946)). 
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Certain angiocarpous fungi hereto- 
fore unrecognized as being primarily 
involved in the decay of gray duck 
or in the decomposition of cellulose 
are- here reported as_ significant 
agents in the slow cellulosic break- 
down of fabric during aerial expo- 
sure. They are Diplodiella cow- 
dellii, Hendersonia sarmentorum, 
Hendersonia sp., Leptosphaeria sp., 
Diplodia sp., Phoma herbarum, and 
Ophiobolus sp. These fungi have 
tended to escape detection for 2 
reasons: the employment of stand- 
ard plating techniques which do not 
detect these slow-growing fungi; 
samples of gray duck develop these 
angiocarps only after long periods 
of aerial exposure. A quantitative 
method is given for evaluating 
fungal damage as distinct from non- 
biological damage when these occur 
simultaneously on the same fabric. 
Text. Research J. Dec. 1946 


Effect of Heat on Nylon 


Some effects of dry heat upon the 
properties of nylon fabric. Phila- 
delphia Section A.A.T.C.C. Am. 
Dyestuff Reptr. 35, P38-42 (Jan. 
14, 1946). 

The effect of varying the time and 

temperature of application of dry 

heat to nylon fabric, relaxed and 
under tension, on its strength, 
elongation, and dyeing properties 
is shown graphically. A tempera- 
ture near 400°F appears to be 
critical in many respects, degrada- 
tion becoming marked after 10 secs.’ 
exposure beyond this point. Dry 
heating may either increase or de- 
crease the subsequent absorption of 
dye depending upon the dye used; 
Cloth Fast Blue R (Ciba) is ab- 
sorbed to about 3 times the normal 
extent when the fabric has been 
heated to 470°F for 15 secs., and it 
is suggested that this dye may be of 
value as an indicator of heat damage 
in nylon. K. S. Campbell 
Text. Research J. Dec. 1946 


Degreasing Fabrics 


The degreasing of fabrics. Arnold 
Lassieur. Corps gras, savons 2, 
68-71 (1944) (through Chem. 
Abstr. 40, 5569° (Sept. 20, 1946)). 

A sample of cloth charged with a 

known quantity of alimentary fat 
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was washed, and the fat content of 
the cloth, after drying, was de- 
termined. A piece of cotton charged 
with a mixture of tallow and grease 
and washed at 90° with arachidic 
soap lost 23% of its grease content 
after 1 min. and 28% after 2 min. 
Longer washing was without effect. 
Repeated washings and dryings did 
not eliminate any additional greasy 
substance. Brushing between the 
washings, in order to change the 
surface texture, had only a very 
limited degreasing effect. Na2COs 
solution (4 g./l.) removed 28% of 
the grease from cotton after 3 
5-min. washings at 90°. Brushing 
in between increased the cleansing 
index to 38%. Rayon soiled and 
cleaned in the same manner was 
freed of 82% fat after 5 washings 
(the 1st washing eliminating only 
37%). The percentage of grease 
eliminated by washing depends on 
the material, the quality and quan- 
tity of grease, the detergent, the 
temperature, and the mechanical 
action. Degreasing by washing is 
always incomplete, while mineral 
pigments are completely eliminated. 
Na2CO; degreases better than soap. 
A kitchen towel laundered in the 
customary manner with Na.COs; 
and soap was freed of 40% of its 
grease (determined by ether extrac- 
tion) ; this fact showed that launder- 
ing is not identical with degreasing. 
Text. Research J. Dec. 1946 


Glyoxal Stabilization 
Process 


Recent developments in rayon fab- 
ric stabilization. Jack Epelberg. 
Am. Dyestuff Reptr. 35, 343-6 
(July 15, 1946); Rayon Text. Mo. 
27, 355-6 (July 1946) and 405-6 
(Aug. 1946). 


Stabilization of rayon fabrics to 
shrinkage is accomplished by treat- 
ment with a water solution of 
glyoxal and an acid catalyst. The 
fabric is padded with this solution, 
then dried. It is then baked to 
react the glyoxal with the cellulose, 
followed by a wash to remove the 
unreacted chemicals. The fabric 
is then slack-dried and steamed to 
width on a tenter frame. The 
glyoxal process is not satisfactory 
for acetate rayon, but is for blends 


of acetate and viscose where the 
latter predominates. It is not satis- 
factory for cotton because of the 
sensitivity of cotton to the acid 
catalyst at high temperatures. Chlo- 
rine retention is absent in fabrics so 
treated. The process has little 
effect on vat colors but changes 
many of the direct colors. No 
change in hand or texture occurs 
and the finish is permanent to 
washing. Some decrease in tensile 
strength is noted. J. F. Keating 
Text. Research J. Dec. 1946 


Spindle Adapter 


Aluminum adapter for spindles. 
Anon. Am. Wool and _ Cotton 
Reptr. 60, 34 (Sept. 26, 1946). 


A report on the conversion of the old 
type of warp spinning to large pack- 
ages by means of aluminum adapt- 
ers to fit onto the old spindles so 
that paper tubes may be used. It 
is said that Joanna Textile Mills, 
where the adapters were developed, 
have increased the amount of yarn 
put onto a bobbin by 34% by going 
from a 6{-in. traverse to an 8%-in. 
traverse with a 2-in. ring at a cost 
of about $1.00 per spindle. 

H. J. Burnham 
Text. Research J. Dec. 1946 


WAR RESEARCH ON 
TEXTILES* 


* 
U. S. Research 
Adhesion Test 


Determination of adhesion of plies 
of coated fabrics. Progress re- 
port. (Rept.19.) U.S. Quarter- 
master Depot, Jeffersonville, In- 
diana. PB 39777, Aug. 1944; 14 
pp.; microfilm, $1.00—photostat, 
$1.00 (through Bib. Sct. and Ind. 
Reports 3, 203 (Oct. 18, 1946)). 


Examination shows that coated 
fabrics of different types require 
application of different techniques 
in the determination of adhesion of 

* Copies of the original reports ab- 
stracted in this section may be obtained 
from the U. S. Department of Com- 


merce, Office of Technical Services, 
Washington 25, D. C. 
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coating to base cloth. A suitable 
method is described in this report 
for performing the adhesion test on 
fabrics for 2-man mountain tents, 
The question of the value of an 
adhesion test is raised in connection 
with the durability of coated fabrics, 
A preliminary estimate points to the 
conclusion that superior initial ad- 
hesion in the 2-man mountain-tent 
fabric does not presage good re- 
sistance to flaking or peeling during 
the life of the material. Tables and 
graphs are included. An appendix 
presents proposed method for the 
determination of adhesion of vinyl- 
resin coatings to base fabrics. 

Text. Research J. Dec. 1946 


Strength Testing 


A study of the effect of reducing the 
rate of traverse from 12 to 6 
inches per minute in the grab 
method for determining the break 
strength of cotton duck. U. S. 
Quartermaster Depot, Jefferson- 
ville, Indiana. PB 37983, Feb. 
1944; 10 pp.; microfilm, $1.00— 
photostat, $1.00 (through Bib. 
Sct. and Ind. Reports 3, 128 (Oct. 
11, 1946)). 


Experiments with yarns had indi- 
cated that the dispersion or standard 
deviation of data observed in tests 
made to determine the break 
strength of fabrics is narrowed by 
reducing the rate of traverse from 
12 in. to 8 in. per min. This study 
was undertaken to ascertain whether 
a significant reduction in standard 
deviation is obtained with cotton 
duck, when a similar reduction in 
rate of traverse is made in the grab 
method of determining break 
strength. The tests, as reported 
here, show that no practical change 
occurs in the standard deviations of 
the test data for cotton ducks, 
ranging from 7.90 oz. per sq. yd. 
to No. 6. Tables and a short 
bibliography are included in the 
report. 

Text. Research J. Dec. 1946 


A study of the grab method for 
determining the break strength of 
cotton duck. U. S. Quarter- 
master Depot, Jeffersonville, [n- 
diana. PB 37982, Dec. 1943; 13 
pp.; microfilm, $1.00—photostat, 
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$1.00 (through Bib. Sct. and Ind. 
Reports 3, 128 (Oct. 11, 1946)). 


Contiguous grab samples of No. 6 
cotton duck were arranged in series, 
and the various series tested for 
break strength, 2 under standard 
conditions, the others under condi- 
tions differing from the standard by 
known variations. Table I pre- 
sents a summary of results and 
Table II shows a comparison of 
variation effects. This study shows 
that the grab-sample method of 
determining the break strength of 
textiles is subject to variations 
which result in statistically signifi- 
cant differences in the arithmetic 
average. The effects of variations 
in jaw conditions, types of testing 
machines, ranges on the same ma- 
chine, faces of the fabric, alignment 
of the grab sample, cupping of the 
sample around the jaws, test oper- 
ators, and the relative position of 
the grab samples in the original 
fabric are included in the study. 
The effect of variation in relative 
position is used as the norm in 
judging all other effects. All but 
2 of these variations in the method 
produce small, but statistically sig- 
nificant, effects upon the result. 
Large differences in results are ob- 
tained by different operators of the 
test equipment. The only _per- 
ceptible pertinent difference be- 
tween operators was that of physical 
strength, which is required to oper- 
ate the instrument. 

Text. Research J. Dec. 1946 


German Research 
Cotton, Rayon, and Silk 


A survey of the German cotton, 
rayon, and silk industries. (BIOS 
Final Rept. 574, Item 22, 31.) 
D. W. Hill and others. PB 
34729, n.d.; 168 pp.; microfilm, 
$4.00—photostat, $12.00 (through 
Bib. Sci. and Ind. Reports 3, 
57 (Oct. 4, 1946)). 


The chief textile raw material now 
being processed in Germany is 
rayon, both filament and staple. 
The firms processing it fall, broadly 
speaking, into 2 groups—those 
which have approached the task 
from the silk industry and use a high 
proportion of filament rayon and 














those which have approached it from 
the cotton industry and use mostly 
rayon staple. The approach from 
the silk industry is revealed by the 
use of sectional warping, high- 
quality, continental-type looms, and 
individual methods of finishing; 
while that from cotton is shown by 
warp preparation on the beaming 
and tape-sizing system, the more 
frequent use of the Lancashire type 
of loom, and bulk methods of 
finishing such as are usually em- 
ployed in Lancashire for processing 
fabrics woven from staple yarns. 
However, the growth of an industry 
concerned with rayon alone, with 
methods of processing that are 
related to the particular character- 
istics of the fibers, may be clearly 
discerned. Part I of this report 
covers spinning and weaving; dye- 
ing, printing, and finishing; and 
research and control of processes. 
Much of the research and testing in 
the textile field has already been 
described in reports listed under 
this section. With the exception of 
the I. G. laboratories, there was 
very little evidence of any consider- 
able body of fundamental research 
in spinning, weaving, or finishing. 
Part II gives a list of targets visited, 
with a brief description of each 
factory, and the numbers and types 
of machines in the more important 
works. Photographs and diagram- 
matic drawings of various machines, 
as well as specimens of German 
utility specifications, are included. 
Text. Research J. Dec. 1946 


Processing Rayon Staple 


The processing of rayon staple fiber 
on cotton-spinning machinery in 
Germany. (BIOS Final Rept. 
634, Item 22, 31.) W.A. Hunter 
and others. PB 41235, Mar. 
1946; 52 pp.; microfilm, $2.00— 
photostat, $4.00 (through Bzb. 
Sct. and Ind. Reports 3, 202 (Oct. 
18, 1946)). 

Most of this report deals with a visit 

to Lehrspinnerei, Denkendorf, an 

experimental spinning plant built 
and equipped during 1937-8 for the 
purpose of testing new machines on 

mill scale, and for developing new 

devices to improve the performance 

and production of machinery de- 
signed to process staple rayon and 
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mixtures of rayon with other fibers, 
animal and vegetable. Drawings 
illustrate the layout of the plant, 
which contains 5,000 spinning 
spindles on the cotton system and 
3,000 spinning spindles on the 
worsted system with all the neces- 
sary preparation machinery. A 
sketch of the institute as originally 
planned is included. Short reports 
on the following plants engaged 
in spinning yarns from rayon sta- 
ple fiber on existing cotton-spin- 
ning machinery are included: Siid- 
deutsche Spinnerei, Kuchen; Germa- 
nia Spinnerei, Epe, Gronau; Niehues 
and Duetting, Nordhorn; and Lud- 
wig Povel, Nordhorn. Machinery 
and processes are described and 
drawings and graphs are included. 
Text. Research J. Dec. 1946 


Wool-Combing Industry 


German wool-combing industry and 
wool-grease-extraction processes. 
Jan.-Feb. 1946. (BIOS Final 
Rept. 474, Item 22, 31.) Geof- 
frey M. Robertshaw. PB 34745, 
July 1946; 70 pp.:; microfilm, 
$2.00—photostat, $5.00 (through 
Bib. Sct. and Ind. Reports 2, 994 
(Sept. 27, 1946)). 


This report summarizes the informa- 
tion gained during the investigation 
of the German wool-combing in- 
dustry by stating that from a 
technical point of view little new 
information has been discovered. 
A visit to the works of Schachen- 
mayr, Mann & Co., at Salach 
(Wiirt), disclosed a substitute for 
leather on the preparing boxes, 
combs, and finishers. The material 
was supplied in rolls by I. G. Farben, 
and cemented into the required 
sizes. The life of these substitutes 
was stated to be equal to, if not . 
better than, that obtained from 
leather. The process of cementing 
and making up of these leathers was 
regarded as secret and the plant was 
well guarded. The extraction of 
wool-grease products falls into two 
categories: (1) works where grease- 
extraction is carried out on ex- 
tremely unscientific and antiquated 
lines; and (2) works where an 
elaborate plant for the benzene- 
extraction process has been installed. 
A list is given of chemical engineers 
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and dealers who have _ supplied 
materials to grease-extraction plants 
in the British Zone of Germany. 
Detailed reports of visits to the 
following plants are presented, in- 
cluding data on processing and types 
of machines in use, and, in some 
cases, investigation of the methods 
of extraction of wool grease from 
wool-scouring liquor: Wollwascherei 
& Kammerei, Déhren bei Hannover; 
Hamburger Wollkaimmerei G.m.- 
b.H., Harburg-Wilhelmsburg; Bre- 
mer Wollkammerei, Blumenthal 
(Unterweser); Kammgarnspinnerei 
Delmenhorst G.m.b.H., Delmen- 
horst; Schoellersche Kammgarn- 
spinnerei Eitorf A.G., Eitorf (Rhein- 
land); Schachenmayr, Mann & Co., 
Salach (Wiirt); and Merkel & 
Kienlin, G.m.b.H., Esslingen. Dia- 
grams of plant layouts are included. 
Text. Research J. Dec. 1946 


PATENT REFERENCES 
* 


Dyeing Cellulose Acetate 


Coloration of textile materials. 
Herbert Platt and Cyril M. 
Croft (to Celanese Corporation of 
America). U. S. 2,405,669 (Aug. 
13, 1946). 

An inclosed jig is used to dye 

acetate fabrics with high-tempera- 

ture dyes. By this means, the 
fabric on the rolls is maintained at 
the dye-bath temperature. Uneven 
dyeing is thus avoided. The claims 
cover the method but not the ma- 
chine. A. R. Martin 
Text. Research J. Dec. 1946 


Apparatus for Treating Fibers 
with Liquids 
Apparatus for applying treating liq- 


uids to fibers. Hughes L. Siever 

(to Borne Scrymser Company). 

U. S. 2,405,857 (Aug. 13, 1946). 
A moving lap of fibers is sprayed 
with solution from a series of nozzles, 
By means of vibrating the nozzles, 
small droplets of liquid are obtained. 
Text. Research J. Dec. 1946 A. R. Martin 


Bonded Web or Sheet 
Material 


Manufacture of artificial fibrous 
sheet material. Robert Pickles 


and John Pickles. U. S. 

2,405,978 (Aug. 20, 1946). 
Flock, ranging in length from 2-10 
ml., is treated on a traveling con- 
veyor with a bonding agent and 
thence through pressure rolls to form 
a sheet material. A. R. Martin 
Text. Research J. Dec. 1946 


Polyacrylonitrile Polymers 


Ray Clyde Houtz, George Henry 
Latham, Arthur O. Rogers, V. L. 
Hansley, William Hale Charch, 
and Theron G. Finzel (to E. I. du 
Pont de Nemours & Co., Inc.). 
U. S. 2,404,713-728, inclusive 
(July 23, 1946). 

This group of patents covers the 

preparation spinning solutions of 

polyacrylonitrile, or of copolymers 
containing at least 85% _ poly- 
acrylonitrile, using various solvents 
and means of obtaining stable 
solutions. A. R. Martin 
Text. Research J. Dec. 1946 


Vinyl Polymers 


Vinyl polymers. Harold W. Arn- 
old, Merlin Martin Brubaker, and 
George L. Dorough (to E. I. du 
Pont de Nemours & Co., Inc.). 
U. S. 2,404,781 (July 30, 1946). 

A process for the preparation of 

vinyl polymers in the presence of 

salts of perdisulfuric acid. 

Text. Research J. Dec. 1946 A. R. Martin 


New Vinyl Polymer 


Production of copolymers of mono- 
ethenoid compounds. Daniel E. 
Strain (to E. I. du Pont de 
Nemours & Co., Inc.). U. S. 
2,404,817 (July 30, 1946). 

Method is disclosed for producing 

copolymers of such materials as un- 

symmetrical dichloroethylene and 
methyl methacrylate. 

Text. Research J. Dec. 1946 A. R. Martin 


Vinyl Copolymers 


Process for the conjoint polymeriza- 
tion of vinyl chloride with fumaric 
esters. Harold W. Arnold (to 
E. I. du Pont de Nemours & Co., 
Inc.). U.S. 2,404,780 (July 30, 
1946). 

Vinyl chloride is copolymerized with 

esters of fumaricacid. A. R. Martin 

Text. Research J. Dec. 1946 
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MISCELLANEOUS 
* 
Review of 1943-4 Literature 


Fibers and textiles. W. Knight. 
Ann. Rept. Progress Rubber Tech- 
nol. 8, 71-3 (1944); cf. C.A. 39, 
1762° (through Chem. Abstr. 40, 
62625 (Oct. 20, 1946)). 


A review of periodical and patent 
literature of 1943-4, with 30 refer- 
ences. 

Text. Research J. Dec. 1946 


Italy’s Textile Industry 


Italy’s textiles: vital factor in re- 
habilitation. Mary E. Poole. 
Foreign Commerce Weekly 23, 8- 
11, 52-3 (June 1, 1946). 


Eighty percent of Italy’s textile 
industry is located in Lombardy and 
Piedmont, in northernmost Italy, 
but the industry is also scattered 
throughout the country. It em- 
ployed 470,000 persons and an 
additional 380,000 were employed 
in the clothing and accessory in- 
dustry before the war. In addition, 
there is considerable handicraft 
production of laces, carpets, and 
tapestries. The textile industry 
was highly efficient before the war 
and its equipment is still 95% 
intact, but it is badly in need of a 
revival of imports of cotton and 
wool, both requiring a revival of 
foreign trade. R. B. Evans 
Text. Research J. Dec. 1946 


Textiles in Russia 


The Soviet textile industry. Lev 
Karasin. Text. Weekly 38, 112 
(July 19, 1946). 


The new 5-year plan as applied to 
textiles aims to provide Russia with 
3,300,000 spindles and 65,000 looms 
by 1950. This year alone the mills 
will get 210,000 spindles. It is said 
that particular attention is being 
paid to the production of the latest 
improved types of labor-saving tex- 
tile machinery and that one machin- 
ery-building plant in Moscow will 
soon be turning out 22 different 
types of equipment, one of which is 
a complicated wool card weighing 24 
tons. H. J. Burnham 
Text. Research J. Dec. 1946 
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Chromatography (Cropper) 
See also Absorption 
Cleansing agents, enzymic, for textiles (Puig) 
Coating: See Rayon; Resins; Yarn 
Colloidal dispersions, method of purifying and concentrating, by 
electrodecantation (Stamburger) 
Colloids 
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Organic acid content of raw cotton fiber. Isolation of I- 
malic acid and citric acid from cotton fiber (McCall and 


Pectin of cotton (Larose and Leger) 
Plant breeding, science of (Lewis) 
Quality report for ginnings 1945 crop (Cotton Branch, 
Production and Marketing Administration, U. S. D 
of Agriculture) 
Relationships between properties of cotton fibers and ap- 
pearance of carded yarns (Webb and Richardson) 
Scouring agents for cotton, practical laboratory test for 
evaluating (Bacon) 
Tests show best cotton for a specific purpose (anon.)...... 
Trash in cotton affects grade and price (Grimes).......... 
Uses of cotton and fabsics (anon.) . ..... ccc cc ccc cccece 
Will Clayton's cotton (anon.) 
See also Bleaching; Bonded webs; Dyes; Heat; Slasher; 
Spinning; Tire Cord; Test for ‘treated goods 
Cotton bags, use of, for storing sugar (Sen and Ahmad)........ 
Cotton fabric: See Dyes; Fabrics ; Fungi 
Cotton industry, what I saw of the, in England, U. S. A., and 
Switzerland (Viswanathan) 
Cotton picking—Mechanization of cotton production relative to 
processing for marketing (Gerdes) 
Cotton slivers and rovings, investigating the short-period irreg- 
ularities in (anon.) 
Cotton system: See Fibers 
Cotton wax 
Cotton wax properties and constituents (Tonn and Schoch). 
Isopropyl alcohol in cotton wax determination (Kettering). 
Solubility (of cotton wax) in common solvents (Tonn and 
Schoch) 
Cottonseed: See Proteins; Vegetable oils 
Crease marks are serious imperfections (Wenrich)............. 
Crystallization: See Polymers; Rubber 


DDT = its textile applications (Goodall, Gorton, and Summers- 
gi 

Degreasing of fabrics (Lassieur) 

Detergency—a simple method of estimation (Kornreich) 

Detergents 
Direct volumetric determination of the organic sulfonate 

content of synthetic detergents (Marron and Schifferli) 
What's ahead for synthetic detergents? (anon.)........... 

Deterioration: See Cotton; Dyed Fabrics 

Deviometer—an irregularity tester (Vose and Plummer) 

Dienes: See Polymerization 

Dipolar solids, dielectric properties of (Fréhlich) 

Dispersions, theory of the rheological properties of (Fréhlich 
and Sack) 

Documentation—Documentary reproduction (Moholy).. 

Drawing of rayon staple fiber on a pilot-plant basis (McComb). 
See also Worsted 

Drying 
Infrared radiations in the textile industry (French) 

Dust control: See Air conditioning 

Dust-borne infection, oil treatment of bedclothes for the control 
of (Puck, Robertson, Wise, Loosli, and Lemon) 

Dye absorption, fundamentals of (Neale) 

Dye industry, reconversion of (Herrmann) 

Dyed fabrics—How different types of dyestuffs affect rate of de- 
terioration of cloth exposed to weather (Southeastern Section 
A.A.T:C.C.) 

Dyeing 
Dyeing of cellulose with direct dyes 

I. A review of the literature (Standing) 
II. The absorption of Chrysophenine by cellulose 
poem (Willis, Warwicker, Standing, and Urqu- 
art 
III. The aqueous diffusion of direct dyes (Holmes and 
Standing) 
IV. Electrolytic conductance of aqueous solutions of 
direct dyes (Holmes and Standing) 
Dyeing of cotton with mineral khaki (Race, Rowe, and 
Speakman) 
V. Variations in chromium and iron contents of yarn 
dyed with 
VI. Limiting variations in oxide céntent of mineral 
khaki-dyed yarn 
VIL. Fungicidal and bactericidal efficiencies of cotton 
yarn treated by 
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2 
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2 
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Page 
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Dyeing methods for woven and knitted fabrics (anon.) . 
Modern methods of dyeing some manufactured fibers (Scull 
and Smith) 
Dyeing and finishing of ‘‘Fibro”’ (Wilcock) 
Dyeing mohair and rayon mixture cloths (anon.). e , 
Package-dyeing of narrow fabrics: A link between yarn dye- 
ing and piece dyeing (Thomas) 
Nylon dyeing (Saville) 
Action of polyamides during dyeing, II (Eléd and Schachow- 
esi Me of viscose rayon, developments in the 
(Thomas) 
Pad-steam continuous dyeing process (anon.)............. 
PH control in dyeing processes (Noble)........... 
Physical chemistry of dyeing (Valko) 
‘‘Rayolanda”’: Dyestuffs and methods of dyeing (Penn).... 
Causes of uneven dyeing (Hutchins) 
Notes on the stripping of dyed textile materials (Wakelin) 
Textile fibers which swell slightly in water: Mechanism of 
their dyeing and resulting possibilities (Corbiére) 
Dyeing of vat colors without hydrosulfite (Nanal) 
Color variations in vat-dyed cloth (Kriiger) 
Some fundamental principles of vat dyeing (Clark).. 
Atmospheric oxidation of cellulose in presence of reduced vat 
dyes (Brear SNR IERIE icra cas eres ns es we oe 
Continuous pigment-pad vat dyeing (Womble) 
Current aspects of interest in wool dyeing (Millson).. 
Theory and practice of wool dyeing. XXI. Machines for 
dyeing hose, felt hats, and garments (Bird) 
How a colloid chemist would explain the dyeing of wool 
(Anderson) 
Dyes and dyeing for beginners (Stone) 
See also Cellulose; Rayon; Wool 
Dyes 
Absorption of acid dyes by wool, silk, casein fiber, and nylon 
(Skinner and Vickerstaff) 
Algosols—the leuco esters of vat dyes and their applications 
(Choquette) 
Properties and 
(Wittwer) 
Absorption spectra of the negative ions of two diaminotri- 
phenylmethane dyes (Tolbert and Branch) 
Spectra of two diaminotriphenylmethane dyes derived from 
carbazole (Branch, Tolbert, and Lowe) 
Diamond jubilee of the discovery of direct cotton dyes— 
1884-1944 (Whittaker) 
Experiments on mineral khaki (Ramachandran and Wade- 


structure of the Coprantin dye series 


Some natural dyes give long life to cotton fabric (Furry)... 

See also Cotton fabric 

Organic dyes as aids in textile chemical analysis. A new 
method of detecting magnesium with azo dyes (Rath 
and Sanchez) 

Fluorescence of organic dyes as related to chemical constitu- 
tion (Feofilov) 

Relationship between ‘‘substantivity’’ and constitution of 
compounds that are cotton substantives, II (Eistert).. 

Identification of sulfonated azo-2-naphthol dyes (Milligan, 
Zuckerman, and Koch) 

Fading and tendering activity in vat dyes. 
for its diagnosis (Waly, Preston, 
Turner) 

Polyethylene oxide cuateernes- —an aid in the spectro- 
photometry of dyestuffs (Taylor and Simon) 

Effect of weathering on dyes eos Peace, ase setae its Saye 

Dyestuffs for cellulose esters and polyamide fibers (Yates) . 

Colors for textiles: Ancient and modern (Bender) 

See also Wool 


A new method 
Scholefield, and 


Effluent treatment and solids recovery. II. Textile and rayon 
industries (Robinson) 
Elastic recovery in capillary flow (Merrington) 
Elasticity 
Elastic properties of textile fibers (Chevenard and Champe- 
tier) 
New approach to the theory of rubberlike elasticity (Hug- 
gins) 
See also Fibers 
Elastomers 
A low-temperature stiffness test for (Morris, James, and 


Tackiness of GR-S and other elastomers (Busse, Lambert, 
and Verdery) 
Evaluation of tear-resistance in elastomers (Graves) 
Electrical energy in air affects textiles (Strang) 

Electron diffraction, high dispersion, by primary magnification 
(Simard, Burton, and Barnes) 
Electron micrographs—Technique of 
vestigation of fiber surfaces (Kern) 

See also Cellulose 

Electron microscope 

Diffraction specimen holder for electron microscopes (Simard 
and Stryker) 

High-speed microtome for the electron microscope (Fullam 
and Gessler) 

Shadow-casting adaptor for the electron microscope (Ander- 
son) 

Distortion in electron microscope projection lenses 

Filmless sample mounting for the electron microscope 
(Watson) 


electron-microscope in- 
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6 
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Electron microscopy 
Electron-microscopic investigations of cellulose fibers after 
supersonic treatment (Wuhrmann, Heuberger, and 
Miihlethaler) 
Electron microscopical replica techniques for the study of 
organic surfaces (Barnes, Burton, and Scott) 
Surface replicas for electron microscopy (Thomassen, Wil- 
liams, and Wyckoff) 
Electronic apparatus in textile testing (Chamberlain) 
Emulsions and their applications to textiles (Neville) 
See also Photography 
Exports—Export market review: U.S. A. (anon.)............. 
Evaporation of water from a plane pare some experiments on 
1 ai a esa ies Dati ge tre ALS ome ec een MN eats Se 


Fabrics 

Antiseptic fabrics, 
(Barail) 

Coolness - textiles, new test apparatus for measuring (Armi- 
tage 

Army and Navy fabrics, breaking strength of (Von Bergen, 
Hintermaier, and Ullman) 

Damage to fabric by liquid hydrocyanic acid gas in fumiga- 
tion (Sherrard) 

Eléectrocoated pile fabrics (anon.):< «065. 6<se:cccccees eens 

Laminated plastics, impregnated paper, and impregnated 
fabrics (Franck and Nagel) 

Quantitive analysis of fabrics made from a mixture of staple 
rayon and cottonized bast fiber, with emphasis on a new 
modification of the Schwertassek method (Kocevar 
and Horak) 

Rigidity of textile fabrics (Taylor) 

Woolen fabrics, suggestions on washing ACURIN DS oh case ehcate. ons 

Woven textiles, fraying and slippage in (anon.)........... 

See also Abrasion ; Antiperspirant creams ; Breaking strength; 
Chlorine retention; Cotton; Degreasing; Dyeing: 
Finishing; Napthenates; Nonwoven textiles; Rayon; 
Shrinkage; Yarn 

Fatigue: See Tire cord 
Fatigue test 

Comparative fatigue test data (Venable) 

Statistical comparison of rayon tire cord fatigue-testing 
MECIEINER OF ER) oh 6.5 5.ce oo dss aR ae OR Owes we wee 

Fatigue tester: See Rayon 
Fats 

Spectrographic data on fats, fatty acids, and their esters 
(Russoff, Holman, and Burr) 

Microdetermination of the saponification number of fats 
and oils (Marcali and Rieman) 

See also Starch 

Feathers, chicken, physical measurements on, I: 
tests (Lee, Reeves, and Stewart) 

See also Keratin 

Felt 

Manufacture of thin felt from carroted rabbit or hare fur. 
A theory of felting (Berg) 

Manufacture of thin felt from mordant-treated rabbit or 
hare fur. A theory of felting (Berg) 

Bacterial degradation of woolen felts (Binns) 

Felting, frictional properties of wool fibers in relation to ( 

See also Shrinkage ; Wool 

Fiber differentiation—LDifferentiation of fibers (Frische)........ 
Fiber glass—Its manufacture and uses (Robertson)............ 
Fiber molecules, model experiments on (Stuart) 

Fibers 

Animal fibers, I: Their growth and structure (Stoves) . 

Animal fibers, growth and structure of (Wildman). 

Artificial fibers of cellulose hydrate, aa detection, 
by dyeing, of hollow spaces in (Feubel) 

Bromeliaceae [pita], chemical method for the industrial 
defibering of (Arbelaez) 

Italian broom, structure and technological properties of the 
fibers of (Wuhrmann) 

Long-shaped textile fibers, cementitious material of (Emi- 
liani, Gianni, and Pelizza) 

Palconia—a new vegetable fiber (Jones) 

Sodium pectate, x-ray diffraction investigation of (Palmer 
and Hartzog) 

Viscose fibers, structure of, with skin effect (Wuhrmann).. . 

Zein fibers—preparation by wet spinning (Croston, Evans, 
and Smith) 

Cotton system for processing other fibers (Gwaltney)...... 

Differentiation of fibers [by color reactions] (Frische) 

Mechanical properties of textiles 

I. (Halsey, White, and Eyring) 

II. A general theory of elasticity with application to 
partially rubberlike substances (Halsey and 
Eyring) 

III. (Eyring and Halsey) 

Molecular structure of fibres. 
tion (Astbury) 

Molecular structure and properties of 
protein fibers (De Souza) 

Counting neps in fibers (Pratt) 

Tensile elasticity of some textile fibers, comparison of the 
(Meredith) 

Dynamic method for determining the wettability of fibers 
(Fal’kovich) 

Fibers and textiles (literature review), (Knight) 


suggested method for thorough testing of 


Compression 


(Bohm) 


textile fibers— 
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11 
1 
5 
4 
6 
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Films 
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INDEX 


See also Agave; Alginates; Bast; Cotton; Drying ; Elasticity ; 
Electron micrograph; Felting; Finishing ; Flax; Phor- 
mium; Protein fibers; Rayon; Swelling; Wool 

Fibro: See Dyeing 

Films: See Starch 

Filter paper, analytical, methods for the evaluation of (Scribner 
MR REIN = 6g cu osk.are- oe Wa eS ew Cele Ole que Wie wie wiule relbete es 

Finishing 

Crease-resistant finishes (Wachter).................00005 

Crease-resistant finishes (Wilcock)...............2.0000- 

Finishing cotton marquisette nettings with cellulose deriva- 
oe | Seep ee tee eee 

Use of persulfates in the textile-finishing industry (Klenk). 

Resin finishing, mechanics of zone control in (Northern 
New England Section A.A.T.C.C.) 

Preparation of silk net materials for finishing (anon.)...... 

Processing of silk net materials (anon.).................-. 

Staple-rayon shirt fabric, influence of various finishing meth- 
ods on the serviceability of, IV (Wagner)............ 


No. 


1 
10 


3 


Finishing of textile fabrics with urea and melamine resins 


CPMIMMGY ora 5 erchccaca ask aaron o Salat seas Ree a ere eas 
Urea derivatives instead of urea for textile treatments 
(anon. ) 
Urea derivatives instead of urea for textile treatment (anon.) 
Finishing fabrics, postwar possibilities in (Borghetty) 
Bretrive cc Sica Cent ooo ogc oc cn divs cme aae bas ew endes 
Which structural construction of textile fibers is best suit- 
able for finishing treatments? (Haller)............... 
See also Rayon; Shrinkage; Silk; Starch 
Fires: See Carbon dioxide 
Fishing nets: See Rotproofing 
Flameproofing—Antimony oxide—its use as flame-resisting coat- 
MAME CUMIN a crete yn glass aisha ele te BAG RE a Rae mm ON 
Flammability 
Evaluation of fabrics as to their flammability (New York 
SECU APO Cecelia nonin dbaker mek aretawe 
Report of committee on flammability of consumer textiles 
CERNE as acne era dre Pree Ria aie aveld @ BRS alg bl plate aime ehe ale 


Flax 
Australia’s flax programme (anon.)............e00eeeeeee 
Efficiency in flax tow carding (anon.)...............0000: 
Flax ae be run on cotton and worsted machinery (Cald- 
nn CEE oP) hae a RED ANE, SS gees Ad ede 
Judging the spinning quality of green flax (Linen Industry 
Research Assoc., Lambeg) 
Making flax fibers into yarns (Ostlick).................-- 
Effect of flax straw maturity on the microscopic structure 
and dimensions of the ultimate fibers (Cook)......... 
Flax cellulose: See Bleaching 
Flax hackling, efficiency in (anon.)...........c.ccesccceccess 
Foam formation and stability (Dervichian)................... 
Fractionation: See Cellulose 
Fulling: See Acids 
Fumigation: See Fabrics 
Fungal damage to sun-exposed cotton duck (Zuck and Diehl). . 
Fungi, observations on the growth of some copper-tolerant, on 
cotton fabrics (Bayley and Weatherburn)................ 
See also Hemp 
Fungicides, phenolic, quantitative determination of (Gottlieb 
SUM MMR a Giix. a sai'g 8 a 'o SiG aE Ge SIE wie a9 ad Wee Haas 
Furfural: See Rubber 


Gases, light, analyses of mixtures of, by infrared absorption 
CC INIEE AME EMIED n o58 ooo bie 2,0 aa adndis tek mrice aie ne 
German rayon industry, technical progress in (anon.). 
— textile technology can advance U. S. industry (anon. 5. 
ass 
Effect of water on the strength of glass (Baker and Preston) 
Wide-range static strength-testing apparatus for glass rods 
RNIN SU NORIMED cos hoe wi éc aces 6 cade ae eRe ae ws 
Glass fiber: See Fiber glass 
Glucose: See Cellulose 


Gomberg reaction, mechanism of (Hodgson)................. 

GR-S: See Rubber 

Gum tragacanth: See Printing 

Heat 
Effects of dry heat upon properties of nylon fabric (Phila- 

Gelnnin Section ALA PCs ic civ dca tses catwnnss . 

Effect of heat on wool, cotton, and nylon (Lloyd)......... 
See also Wastes 

Heating 


Dielectric heating analyzed for textile applications (Rusca) 
Dielectric heating fundamentals (Venable)............... 
High-frequency heating (Morrison)..................0-. 
Requirements of dielectric heating can be calculated from 
TOMAR CMON aac 5c o ooo ike deen cdwavecawiacnss 
Radiant heating. First report of the Joint Research Com- 
mittee of the Gas Research Board (British).......... 
Heat-recording devices: See Tantalum 
Hemp 
Biochemical changes involved in the decomposition of hemp 
bark by pure cultures of fungi (Fuller and Norman).. 
Nature . the flora on field-retting hemp (Fuller and Nor- 
WENN Rack ce a a oe ae ea areata te cn ale eis as 
High pressures, recent work in the field of (Bridgman)........ 
LT SEE RL FEES ETRE EN LEO 
Hydrolysis: See Cellulose; Starch 
Hydroxyethylcellulose, sol- gel transformation of water-soluble 
GENIAL COOMTRENIO a. 5 oes osieicn ae bcos aw enw wdieaiowoners 
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Hydroxyl content 
Determining the hydroxyl content of certain organic com- 
pounds—macro- and semimicro-methods (Ogg, Porter, 
SEU MAIDS < sorn bind aan Weg keane acumen waadee 
Microdetermination of hydroxyl content of sugars and 
glycosides (Christensen and Clarke)................. 


Impact determinations based on the arrested fall of a body 
CEDCUE GEE OHIMEI Dats tise Manceee vadeviaencak eased eae 
Industrial libraries—Operating an abstracting and. information 
service within an industrial organization (Barnes)......... 
Infrared: See Drying; Gases; Polymers; Spectroscopy 
Insect damage: See Nylon 
Insect repellents 
Evaluation of fabric pest deterrents. 
CPA las oats aio too oars so he ore ea alee Hietelen 
Evaluation of compounds designed to increase the resistance 
of fabrics and yarns to insect pests. Tentative method 
CRS Ee BU RO TIEEPOE Yo oca dc nenckeneens ovlabics ers 
Ionization of air: See Electrical energy 
Insulation: See Fabrics 
Iron: See Bacteria 
Irregularity tester: See Deviometer 
Istle—Mexico’s istle industry (du Frane)...............00005 
Italian broom: See Fibers 


Tentative method 


Jute 
Glossary of jute fabrics: (Angi) + <..<.8d see cc icc esdesiensies 
Jute and the chemical industry (Atkins)................. 
Jute: Vitally essential product in world trade (Poole)...... 
Deterioration of jute materials in contact with super- 
phosphate and mixtures containing superphosphate 
CRemmler Wie Pies os cs ered Loar e dk me cendlen aes 
Oiling of jute. PartI. Comparative fibre-lubricating prop- 
erties of oil mixtures as studied by fibre length analysis 
of card slivers (Macmillan and Sen)................. 
Jute spinning, modern; bale opening and softening processes 
RERISRINEL Foi eo Son sures Oe Ss G/B CAE aR ey Ae BME Rs SOE or Re 
Keratin 
Physicochemical characterization of dispersed chicken- 
feather keratin (Ward, High, and Lundgren)......... 
See also Wool 
Khaki: See Dyes 
Knitting machine 
New interlock knitting machine (anon.)................. 
New model double-cylinder knitting machine (anon. ¥. 
Knitting needles vary infinitely in design (Miller)............. 
Knots—Let's knot and let's do it the right way (anon.)........ 


Labor 
Handling employee grievances (Schenck)................. 
Union agreements in the cotton-textile industry (Theo- 
1a) PEAS AR SRS RSE Wes 1 3 lip och RNa ee A TT A are 
Union contract with New England mills (Constangy)...... 
See also Cotton 
Laboratory control improves mill operation (Pratt)............ 
EeCauer: Work, Oriental (DIVOE) occcesi ces cewesccaisvesinsse ces 
Laminates 
Cellulose compounds in thermoplastic laminates (Eurenius, 
Flechst: ache; seh NAIR = 5 os ice vowing Hee'niseixe ss 
Papers for the laminating industry (Alexander)........... 
Weave as it affects glass cloth laminates (Meyer, White)... 
Wood-cloth and wood-paper laminates (Delmonte)........ 
Lamps 
Proposed method for calibration of carbon arc lamps used 
for testing and grading light-fastness (Seibert)........ 
Standard fading lamp at the National Bureau of Standards 
and means of calibrating other lamps in terms of it 
CANCE. =. Foye aaa Sane HHA HOS Re eR gees 
Latex 
Coagulation of lates (Setlyia) 5 cc. wcls:c sectnieein eae teal ee 
Morphology of latex particles as shown by electron micro- 
graphs (Hendricks and Wildman)................... 
Incorporation of carbon black into GR-S latex on a produc- 
tion scale (Rongone, Frost, and Swart).............. 
See also Rubber 
Laundering 
Colloidal factors in laundering (Phair)................... 
Influence of alkaline washing adjuncts in the laundering of 
materials of plant origin (Schnijder)................. 
See also Fabrics; Washing 
Light-fastness: See Lamps 
Light filters 


Adam) 
Light scattering 
A classical theory of light scattering from solutions—a 
review (Zimm, Stein, and Doty) 
See also Colloids; Photoelectric instrument 
Lighting, fluorescent, in textile mills (Harrison)............... 
See also Power 
Lignin 
Extraction of lignin from hydrolyzed lignocellulose (Katzen, 
Saeser Ge OM NUNOES . oa c aec ccurclene nc aieeliebives 
Testing of plastics from Scholler lignin (Englert and Fried- 
Oe Penne ee Cel yn Pk sirancae tee -aed ronan ete 
Utilization) of Henin: (Braue) iain s cc cicc ccesceccowencdges 
Linen: See Looms 
Linters: See Bleaching 
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Liquids: See Rubber 

Looms 
New automatic bobbin-changing loom for weaving rayon 

crepes (anon.) 

Positive dobby and its operation (anon.)................. 
Electropneumatic loom is developed in Brazil (Reed) 
New electropneumatic loom picking device (anon.)........ 
High-speed small ware loom (anon.) 
Meeting modern needs for weaving linen (anon.).......... 


Se compounds, recent investigations of (Konings- 
rger 
See also Cellulose 
Madras handkerchief trade—its importance (Ayyar) 
Marketing, organized, of export commodities in Australia: Wool 
(Wright) 
Marketing research—partner of technical research (Aires) 
Marquisettes—Serviceability of curtain marquisettes (Morrison 
and Jelinek) 
See aiso Finishing 
Mathematics—The numbers in our notebooks (Bloomquist)... . 
Mercer [John] and mercerization (Baldwin) 
Microanalysis—development and use (Sanborn) 
Mildewproofing—Proofing textiles against rot, mold, and mildew 
(Hopley and Jackson) 
Mill management—Postwar management and production shorts 
(Miedendorp) 
See also Labor 
Mineral khaki: See Dyeing 
Mixtures: See Dyeing 
Mohair: See Dyeing 
Moisture: See Adsorption 
Moisture determination 
Application of Karl Fischer reagent to the determination of 
SORE B TE ANRNS MDI oo. nists ool ard k ae eile Wik bynes Sibley Were 
Determining the moisture equilibrium curves by hygroscopic 
materials (Wink) 
ae procedures using Karl Fischer reagent (Werni- 
mont 
Molding materials, resistance preheating of (Phillips). . ‘ 
Molecular weight: See Cellulose acetate; Polymers; Viscosity 
Monomer: See Polymers 
Mononitronaphthylamines—Theoretical discussion of further 
substitution in homonuclear mononitronaphthylamines 
(Hodgson and Hathway ) 
Motor starters 
Automatic protective gear for A.C. motor starters (anon.).. 
Choice of A.C. motor starters (anon.) 


Naphthenates in wood and fabric preservation (Curwen) 
Neps: See Fibers 
Nitration: See Mononitronaphthylamines; Starch 
Nitrocelluloses of differing degrees of heterogeneity, relation of, to 
volatile and nonvolatile solvents (Danilov) 
Noble comb: Drawing-off (anon.) 
Nomenclature 
Dyestuff nomenclature (Bird) 
Should nylon be called rayon? Where does existing nomen- 
ROLE N SEIS MRERT AANAIDIR AD oo atc 5 cite nd 0.4 esa Si hm oa os SNS cw 
Terminology of intrinsic viscosity and related functions 


Chemical Russian, self-taught. III. Russian inorganic 
chemical nomenclature (Perry) 

Nonwoven textiles—their packaging applications (anon.)...... 
Numbering systems—Weighing and measuring (anon.)........ 
Nylon 

Nylon production technique is unique (Lee) 

insect Gamage to nylon (Patton) . . 05.660 csccsssviescieices 

See also Dyeing; Heat; Ropes 


Oxidation 
Determining oxygen used in oxidation of carbohydrate by 
periodic acid in sulfuric acid (Hultin).. : 
Influence of compounds of iron upon oxidation reactions 
(Turner) 
See also Cellulose; Dyeing; Soap; Starch 


Paints: See Pigments 
Palconia: See Fibers 
Papain, potentialities of, in the textile industry (Wakelin) 
Paper industry—the chemist in (Rance) 
Parachute manufacture, technicalities of, in India (Tiku)...... 
Paraffin wax, crystal behavior of (Ferris and Cowles).......... 
Peanut: See Proteins; Vegetable oils 
Peat fibers for litters, for fertilizers, for packing fruits and vege- 
tables (Berthelot) 
Pectin 
Characterization of pectin (Hills and Speiser). . . 
Effect of chlorine dioxide on pectinic substances (Pallmann 
and Deuel) 
Effect of methoxyl content of pectin on the properties of 
high-solids gels (Owens and Maclay) 
Acceleration by electrolytes of alkaline de-esterification of 
pectin (Lineweaver) 
Optics and fine structure of pectin and its derivatives 
(Wuhrmann and Pilnik) 
Thermal degradation of pectin (Merrill and Weeks)....... 
See also Cotton 
Persulphates: See Finishing 
RIMM De gra. uc) cies ieicis ers Sie Saw Wes aw oe os eels 
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or) 

whetsabaeits instrument for light-scattering measurements and 
a differential refractometer (Debye) 

Photography 
High-speed photography of the cathode-ray tube (Goldstein 

OMEN EERO ci org 65.65, wiersase) Sahel ee OTe a, oer aISTS 24 ae eC A Se 

Sensitivity distribution among the grains of photographic 
emulsions (Trivelli) 

Charge effect in relation to the kinetics of photographic 
development, I (James) 

See also Yarn appearance 

Pick motions, center weft fork and the stop on (anon.)........ 

Picking tappet, design of a (Ahluwalia) 

Picks, various reasons for broken (Wenrich) 

Pigment particles, factors which cause or prevent agglomeration 
of (Rhode Island Section A.A.T.C.C.) 

Pigments 
Determinations and calculations of physical constants of 

water suspensions of pigments (Torrey) 

Alkali-resistance of the iron blues (Holtzman) 

Luminescent paints, pigments, and inks (Strobl) 

Osage orange pigments. XI. Complete structures of osajin 
and pomiferin (Wolfrom, Harris, Johnson, Mahan, 
Moffett, and Wildi) 

See also Dyes; Printing 

GIR (AN ORI. occas oie Oa ae de wis solnre bb ane R Aes Meee wee 

Plant construction, rubber and plastics as materials of chemical 
(Fontana) 

Plant integration—Integration of chemical plant facilities (anon.) 

Plasticization: See Cellulose acetate 

Plastics 
Advances in plastics in the United States and Germany 

(Goggin) 

Advances in the field of plastics (Losev and Trostyanskaya) 

Allyl chemicals for many new plastics (Bright) 

Bonding thermo-setting plastics (anon.) 

Metallurgical progress and the plastics industry (Sanderson) 

Plastics in the textile industry (Gayle) 

Pulps for pulp-reinforced plastics (Schwartz, 

Meyer) 

Principles underlying behavior of plastics (Alexander) 

Coloring of plastics (OehIcke) 

See also Holoplast; Lignin; Plant Construction; Silicones 

Polarographs (Matthews) 

Polyethylene—Poly-Ethene (Houwink) 

Polyhydric alcohols, anhydrides of, II, III, IV, and V (Wiggins 
and Montgomery) 

Polyisoprenes and allied compounds, autoxidation reactions in, 
XI. Double bond movement during the autoxidation of a 
mono-olefin (Farmer and Sutton) 

Polymer research 
Bureau of Polymer Research (anon.)..........-..e2e0e0: 
Recent progress in polymer research (Mark) 

Polymerization 
Catalysis and polymerization (Steegmuller) 

Condensation and polymerization (Piganiol).. 

Polymerization of dienes. Chemical factors influencing the 
ns of synthetic rubbers during production 
(Penn) 

Polymerization of olefins and diolefins in suspension and 
emulsion, I (Hohenstein and Mark) 

Polymerization of nitro-olefins. The preparation of 2- 
nitropropene polymer and of derived vinylamine poly- 
mers (Blomquist, Tapp, and Johnson) 

Relative polymerization reactivity of unsaturated com- 
pounds (Alfrey and Merz) 

Mechanism of emulsion polymerization, I: Effect of per- 
sulfate concentration in emulsion polymerization of 
styrene (Kolthoff and Dale) 

Method - polymerization [pearl] in suspension (Hohen- 
stein 

Preparation and properties of rubberlike high polymers, I: 
Polymerization of dienes and vinyl compounds in bulk 
(Koningsberger and Salmon)* 

Mechanism of peroxide-initiated styrene polymerization. 
Infrared absorption of some polymer samples (Pfann, 
Williams, and Mark) 

Mechanism of vinyl polymerizations, VIII: Introduction 
of foreign end groups (Price and Read) 

Mechanism of vinyl polymerization, IX: Some factors 
affecting copolymerization (Price) 

Some results of vinyl polymerization in solution (Josefowitz 
and Mark) 

Copolymerization of unsaturated cellulose derivatives 
(Ushakov) 

— study of copolymerization (Alfrey, Merz, and 

ar 

Reactivity as a function of chain length (Alfrey and Merz). 

See also Silicone resins 

Polymers 
Crystallization and crystallizing force of polymers (Alek- 

sandrov) 

Density-gradient tube in the study of high polymers (Boyer, 
Spencer, and Wiley) 

Equilibria and rates in crystallization of high polymers 
(Alfrey) 

Degradation of high polymers (Tuckett) 

Peculiarities in the flow of solutions of high-molecular com- 
pounds (Kuvshinskii) 


No. 
Tinteteiet decomposition of cellulose acetate-butyrate (Tich- 
11 





299 
101 
239 
589 
177 

06 
405 
527 
100 


405 
103 


349 


240 
356 


461 
461 
179 


461 


193 
193 
163 
193 
30 


193 
93 








INDEX 


Processes of viscous flow in the deformation of high-polymer 
materials (Kargin and Slonimskii).................. 
Effect of volume sorption on the mechanical properties of 


Po ee INS See ae Rrra ere eee 
Structural processes in the flow of high polymers (Kargin). . 
Mechanism of hardening of polymers (Zhurkov).......... 
Infrared spectra of compounds of high molecular weight 

(Fhompson atid Torkington)).c26sccccccssccscessae 
Infrared spectra of polymers and related monomers, I, II 

CTROMpSON BNE FORINGIOR) 66 66.6 cc ivccceedcenecsee 


Organic chemical aspects of high polymers (Hohenstein).. . 


Sedimentation velocity of long-chain macromolecules 
(HELMANS) «<6 occ Seiscccswrsemccersnteecccseweres 
Surface films in polymers OO. ode ice dae ateswaciewrs 
Tensile strength in relation to molecular weight of high 
DOMMELE (DUE W) ocacic co eest a eisine ede ac neenseenee 


On the diffusion of vapors through polymers (Doty)....... 
Effect of the volume sorption of vapors on the solidification 
temperature of polymers (Zhurkov and Lerman)...... 
Molecular processes during deformation of rubberlike elastic 
bodies (Meyer and Van Der Wyk).................. 

Elastic deformation and molecular weight in polyisobutylene 
MMUNNIOR Fed oa 5s: a or vba. etie a a, SoS oh RG Enlace sale cee crea 

Molecular weight averages obtained from sedimentation 
velocity and diffusion measurements (Singer). . 

Relation of the physical properties of solutions ‘of. com- 
pounds of high molecular weight to temperature 
CUNO oa ei cinta cia waren SMAI Wola Rae ewe cues Rea eE 

Studies on sedimentation velocity and diffusion rate of linear 
high polymers (Stern, Singer, and Davis)............ 

Determination of polymer-liquid interaction by swelling 
measurements (Doty and Zable).................... 

Resistance to cold of high-molecular compounds (Alek- 
REIMER coca aloe Oot ae Rea dee aaa sle wes 

Thermal expansion and second-order transition effects in 
high polymers. Part II. Theory (Boyer and Spencer) 

Thermodynamics of high polymer solutions (Huggins)..... 

Statistical behavior of single chain molecule and its relation 
to statistical behavior of assemblies consisting of many 
chain molecules (Kuhn and Griin).................. 

Intramolecular reactions in vinyl polymers as a means of in- 
vestigation of the propagation step (Merz, Alfrey, and 
RENO oo! Since c ecarcac es ada bie d cxene, Sa ielala's eaters ba Seid 

Effect of solvent type and concentration on the viscosity of 
polyvinyl chloride-acetate copolymer (Jansen and 
RRO <5: t aa halos RR Ce reece ua aee aace es x 

Comparison of ultraviolet absorption and chlorine analysis 
methods for composition of butadiene-p-chlorostyrene 
copolymers (Meehan, Parks, and Laitinen) 

See also Cellulose acetate; Viscosity; Wool 

Polysaccharides—Dissociation constants of the carboxyl and 
hydroxyl groups in some insoluble and sol-forming poly- 
saccharides (Saric and Schofield)... 

See also Colloids; Starch 

Polystyrene, molecular-size distribution of cross-linked (Valyi, 

TRCSMREEN, CANNADY REE Peon sor ciss ccc g Shwie civ eo aalare bw bleelews MS 

Polythene 
Melting of polythene (Richards)........cccccccscccessese 
Texture of polythene (Bunn and Alcock)... aM eee 
Power and lighting, switchgear for main (anon. ). RG, fas al cay hae vate ae 
Printing 

Gum Sierculia urens as a thickener in textile printing (Pat- 
wardhan and Ramachandran) 

Gum tragacanth in textile printing (anon.)............... 

Pigment printing and dyeing—past, present, and future 
EMO NE. ara! oD ga vare &- aes e. a wis dase ere Masi bie ea Bie a lerete 

Printing properties of print-cotton dyes (Shikher)......... 

Printing of woolens (Baird) 

Screen printing 

I. Screen printing as done in the textile mills of the 

Bastic FERS: CSUIEIE) ... 5 5 cece kee ei nndenwes 

If. Photographic printing (Frolov)... ...0cseccecers 
Processing 

Machines for dry processing (anon.).............. 3 140; 

Machines for wet WONOMIIIINE NEUMAN Fs. boar ae <4 5. 60500 3 a 6 vist ase o6 

Wet processing in Germany (Richardson)................ 

See also Finishing; Rayon; Urea 

Protein—Combination of wool protein with heavy metal salts as 

a function of pH, I: Copper sulfate (LaFleur)............ 

Protein fibers progress of research on synthetic ( Lundgren). 
Protein systems, Donnan equilibria and molecular effects in: Per- 
manent disorganization and changed reactivity of collagen 
pretreated in acid solutions (Gustavson)................. 
Proteins 

Proteins as industrial raw materials (Smith).............. 

Water-resistance of proteins (Olcott and Fraenkel-Conrat) . 

Improvement in color of peanut and cottonseed proteins 
(Fontaine, Detwiler, and Irving).........0cccsscrees 

Solvent extraction of cottonseed and peanut oils (Pollard, 
Vix, and Gastrock) 

See also Adsorption; Rayon 

Pulp: See Cellulose; Plastics 


Raising: See Shrinkage 
Ramie 
Degumming of ramie (Bui-Xuan-Nhuan and Lavollay).... 
Silver dichroism of miscellar systems with fibrous structures 
PRU WUE 55-3 caso aiss¢-s dial bia eee aes apie ere 
Rayolanda: See Dyeing 


No. 
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11 


10 


10 


11 


399 


231 

97 
137 
188 


401 
141 
43 


401 
142 


648 
649 
233 


140 
140 


648 
402 
399 


468 
350 


101 
102 


47 


646 


Rayon 
Alkalis in the treatment of acetate rayon (anon.)......... 6 
Gas fading of acetate rayon (anon.)............0.0eeeeee 2 
Coated rayon fabric, FT (Reset). 2 o.o< cia sc acescensees 1 
Structure of cellulosic rayons, III: Chain-length determina- 
tions in cuprammonium solution (Howlett, Martin, and 
SOG oc dave caacersdeteetecraneden Tees ee es eRe es 10 
Structure of cellulosic rayons, IV: The solubility and 
fractionation of secondary cellulose acetate (Howlett 
Gia CCMNNE Dace tac cre ond Denvawaa cree e ues wa bas 10 
Seaweed rayon (Johnson)... ....0.02222seeseeeeceeerees 9 
Processing procedures for spun ray on yarns (Cobb). 2 
Sizing of spun rayon yarn oS eer err rrr errr re 3 
Economics of viscose rayon manufacturing (Frisk)........ 7 
Wool and protein rayons (Aanon.)....6. 6. .ccecssccccscece 7 
Progress in rayons and textile auxiliaries (anon.) 
3 146;4 189;7 
Rayon dyeing and finishing developments (Brosnan)...... 3 
Progress in rayons and textile processing (anon.).......... 7 
Recent developments in rayon fabric stabilization (Epel- 
DONE cuca ta seccseuey coe kurede oe tw aaa a Ree poer 12 
Standard fatigue tester for use by the rayon manufacturers 
CHPSONNGNE ES 23-2. conc daaee at ses eeeokreepiaaeesa 7 
Treatment and preparation of water in rayon textile mills 
(HiRMNO Dos So wase sc ccs ees Seacoseuss en as eo naelns 7 
Softening and lubrication of rayon fabrics (Ackley)....... 1 
Some characteristics of Bemberg yarns and fabrics of interest 
to the dyer and finisher (Ashby)..............0-00005 + 
Progress in rayon and synthetic fibers (anon.)............ 3 
Rava itt S906 CWO oo 3 onde cccseice oss cces ewanennss 8 
Rayon trade prospects in New Zealand and Australia (anon.) 7 
Rayon went te war (Oliver) ....<ccsccesseccce wes S 244: 7 
Progress of rayon manufacture—its possibilities in India 
examined (Chinai).......2--ssseseccessscrssecree 4 
World import trade in rayon yarn and fabric (Oliver)...... 7 
World rayon production and consumption (Oliv o) SE + 
See also Carding; Cellulose; Chlorine retention; Drawing; 
Fibers; Finishing; German rayon industry; Shrink- 
proofing; Sizing; Tire cord; Washin, 
Rayon crepes, problems in weaving éHutchinson) Sia ae oe avetere aca 5 
See also Looms 
Reagents: See Moisture determination; Test for treated goods; 
Titrimetric procedures 
Refractometer, differential: See Photoelectric instrument 
Moanin, five: Wonmits OF CLAW oo:< < cccicinicass caceccos eedas wanna 9 
Research 
Trends in textile research (Peirce)... 2.2.2... 00 he ccecees 7 
Problems for future Quartermaster textile research (Ken- 
WOON a cccce tcc eeev ances de ndevoewss Saenqeweregs 5 
Science in war-time England and America (Ahmad)....... S 
See also Cotton; Cordage; Polymer research; Protein fibers, 
Wool research 
Research laboratory—U. S. Department of Agriculture’s Western 
Weasel (Vaal AURGO ls sire cv oc scinedeesedeneadwcaek wauie 3 
Resin treatment machinery (anon.). . ..... 2. ccccscreeacccess 4 
See also Wool 
Resins 
BOecitees FONE CONDE osc orviceicca seas aanceonmmanaeenas 6 
Improved synthetic ion-exchange resin (Bauman)......... 6 
IRIE SATO CH EIIIB ico sce ent cawe ken nesocussces's 1 
Wecaind 108 Cenc CL MI Se bic a ssc adic diets ain dain ceneaees 3 
Technology of phenolic resins, I, II (Lewin and Robitschek) 1 
Vinyl resins in coatings of textiles (Simon)............... 8 
See also Building materials; Finishing 
Resonance theory 
Discussion of reduction by aqueous sodium sulphide and the 
application of resonance theory to selective monoreduc- 
tion of aB-dinitronaphthalenes (Hodgson)............ 6 
See also Mononitronaphthylamines 
Ropes, impact strength of nylon and sisal (Newman and Wheeler) 3 
Rosins: See Soap 
Rotproofing 
Effect of leaching on the rotproofing efficacy of copper 
naphthenate (Bayley and Weatherburn)............. 3 
Rotproofing of canvas: Preliminary report on experiments 
carried out in 1944-45 (Brien and Dingley).......... 3 
Rotproofing of textiles, particularly fishing nets (v. Brandt) 9 
Rotproofing of heavy textiles (Ordnance Laboratories, 
Cpense: TMG a ccds cscs ccsasrauseuueewnenwcs 5 
Roving: See Yarn 
Rubber 
Recent advances in the physics and chemistry of rubber 
I. Size and shape of the rubber molecule (Gee)..... 8 
II. Kinetic theory of rubber elasticity (Treloar)..... 8 
III. Solubility and swelling of rubbers (Gee)......... 8 
IV. Crystallization in rubbers (Treloar)............. 8 
Interaction between rubber and liquids, VII: Heats and 
entropies of dilution of natural rubber by various 
liquids (Ferry, Gee, and Treloar)................... 3 
Stiffness of rubber on bending, or its dynamic hardness: 
Method of resonance vibrations (Reiss).............. 5 
Chilosinated rubber Chimsleg). . oo ce soc cccccccnsseessewe 8 
Production of rubber from furfural (Burnette)............ 6 
Mastication and rate of setup, II (Buchan)............... 6 
Antioxidant influence of sulfur in mastication of rubber 
(Research Assn. of British Rubber Mfrs.)............ 6 
Comparison of methods for examining scorching of rubber 
stocks (Morley, Scott, and Willott)................. 8 
New method for determining resistance of soft-rubber prod- 
ucts to low temperatures (Aengeneyndt and Kesternich) 5 
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No. 


Dynamic characteristics of rubber supports from vibration 
table data (Chilton) 

Some infrared studies on the vulcanization of rubber (Shep- 
pard and Sutherland) 

Single-cord compression adhesion test for evaluating ad- 
hesion of vulcanized rubber to cord (Lessig and Comp- 


Crystallization of unvulcanized rubber at different tempera- 
tures (Wood and Bekkedahl) 

Molecular requirements for synthetic rubbers (Baker)..... 

Variation with temperature of the dynamic properties of 
rubber and synthetic rubber-like materials (Fletcher 
and Schofield) 

Electrostatic and tensile properties of rubber and GR-S at 
elevated temperatures (Havenhill, O’Brien, and Ran- 


Effect of accelerators on the heat embrittlement of GR-S 
vulcanizates (Hunter) 

Simplified hot tensile test for GR-S ( 
Wiegand) 

Tackiness of GR-S and other elastomers (Busse, Lambert, 
and Verdery) 

Rubber latex technology (Albright and Lees) 

“Rubber acid’’ damage in fire hose (Grant) (Thaysen, 
Bunker, and Adams) 

Rubber developments in 1945 (Boss and Kix Miller) 

See also Plant const. uction; Polymerization 


Saccharides—Acetates, propionates, and butyrates of simple 
saccharides (Wolff) 
Schwertassek method: See Fabrics 
Scouring: See Cotton; Detergents 
Sedimentation: See Cellulose; Polymers 
Shrinkage 
Shrinkage of fabrics during raising (Atkinson and Whewell) 
Changes in the dimensions of union fabrics during finishing 
(Atkinson and Whewell) 
Determination of milling and felting shrinkage on small 
samples of fabrics and loose fiber (Chamberlain and 


Shrinkproofing—Unshrinkable wool processes, with special 
reference to the treatment of wool materials containing 
ee UNNI cee iw Fara in ch So cs ws WR Surg As “eS ee iw a 

Shuttle furring and yarn tensioning (Wenrich)................ 

Shuttles, ¢aretul selection and setting of (Hutchinson)......... 

Silicon organics (Hausman) 

Silicone resins—Preparation, yer mena and polymerization 
of diethy] silicon dichloride (Alfrey, Honn, and Mark) 

Silicones 


The silicones—truly new materials (Knight) 
Silk 
Preparation of silk net materials for finishing (anon.)...... 
Processing of real silk net materials (anon.).............. 
Time-honored method of steaming cocoons (Mudaliar) 
Progress of Brazilian silk production alan from a 
Brazilian bulletin) 
See also Dyes 
Sisal: See Ropes 
Sizing 
Sizing and desizing (Walter) 
Good sizing is an investment (MacNab) 
Warp sizing of spun rayon (Hart) 
See also Rayon 
Slasher, production improved by use of gas burner (Moore)... . 
Slashing, trouble spots in warp (Sweat) 
Sliver: See Yarn 
Soap 
Direct oxidation tests on soap (Better and Davidsohn).... 
Use of modified rosins in soap (Van Zile and Borglin)..... 
Soap micelles, structure of, indicated by x-rays and the theory 
of molecular orientation (Harkins, Mattoon, and Corrin)... 
I. Aqueous solutions 
II. The solubilization of hydrocarbons and other oils 
in aqueous soap solutions 
Sodium alginate, production and uses of (Alegre and Aldea).... 
Sodium pectate: See Fibers 
Solutions of large molecules, application of the methods of 
molecular distribution to (Zimm) 
Sorption chemistry, survey of (Harvey) 
Sound absorption—Absorption of sound in a homogeneous porous 
medium (Scott) 
Spectrography—Analysis by excited atoms (Smith)............ 
Spectrophotometry 
Device to facilitate the reading of spectrophotometric curves 
(Reimann and Carmine) 
See also Color; Dyes; Styrene 
Spectroscopy—Analysis of multicomponent mixtures of hydro- 
carbons in the liquid phase by means of infrared absorption 
spectroscopy (Fry, Nusbaum, and Randall) 
Spindle adapter—Aluminum adapter for spindles (anon.)...... 
Spinning 
Cotton spinning (Dawson) 
Cotton spinning process (Gwaltney ) 
Continuous spinning and processing of viscose rayon (anon.) 
Theory of process of spinning in the production of artificial 
fibers, especially spinning (with stretching) of cellulose 
acetate (Sippel) 
Planning a pilot plant for spinning blended yarns (Mc- 
Comb) 
See also Blends; Jute; Wool 


Stain removers (Lesser) 
Starch 
The enzymic synthesis and degradation of starch 
I. The synthesis of amylopectin (Bourne and Peat). . 
II. The amylolytic function of the Q-enzyme of the 
potato (Bourne, Macey, and Peat) 

Fractionation of starch (Schoch) 

Chlorination of starch with phosphorus pentachloride 
(Barham, Stickley, and Caldwell) 

Estimation of iodine color of starches and starch fractions 
(Watson and Whistler) 

Nitration of starches with nitrogen pentoxide in the presence 
of sodium fluoride (Caesar and Goldfrank) 

Complexes of fatty acids with amylose (Mikus, Hixon, and 
Rundle) 

Random review of textile progress [amioca starch] (Pun- 
noose) 

Oxidized starch (Miiller) : 

Isolation of levoglucosan from the enzymic hydrolysates of 
waxy corn starch (Montgomery and Hilbert) 

Extraction of fat and phosphorus from wheat starch (Lehr- 


Structure of starch granules, II (Haller) 
Preparation and properties of starch esters (Whistler) 
Action of hydroxylamine on polysaccharides oxidized with 
periodic acid (Dillon) 
Film properties and utilization of resin-starch (Kesler, 
Killinger, and Hjermstad) 
Static eliminated by grounding or neutralizing (Knowlton) 
Steam, modern methods of producing clean, dry (Tupholme).. . 
Sterculia urens: See Printing 
Stress-strain machine (Dart, Anthony, and Wack). Paes: 
Stretching—Practical effect of stretching synthetic yarns '(Pied- 
SNe OM ML RS AON oo ig lars oie arare wiea.6 015.6 ce eS ere elere 
Stripping: See Dyeing 
Styrene inati of the styrene 
content of butadiene-styrene at mers eng 
Sulfated oils, manufacture, blends, and uses of, : Blends with 
mineral oil (Glicher) 
Sulfur 
Chemistry of vulcanization changes 
I. Nature of reaction between sulfur and olefins 
(Farmer and Shipley) 
II. Role of hydrogen sulfide (Naylor). . 
III. Reaction of sulfur with aqualene and with rubber 
(Bloomfield) 
See also Rubber; Viscose 
Surface-active agents 
Tensimetric analysis of surface-active electrolytes (Preston) 
See also Wetting agents 
Swelling 
Anisotropic swelling (preliminary communication) (Her- 
mans) 
Dimensional and structural changes in swollén synthetic 
fibers (Roberts).... 
Structure of natural fibers and their swelling properties 
(Lauer) 
Swelling of textile fibers in sulfuric acid of definite concentra- 
tion (Haller)... 


Tantalum, use of, in heat-recording devices (Downie). 

Tenter clips, replacement of nonferrous metals in (Slomy anskay a) 

Tensile strength: See Polymers 

Tensile tests, dynamic, of parachute webbing (Stang, Greenspan, 

and Newman) 

Test for treated goods—Schweitzer’s reagent for identifying 
cotton goods that have been bleached, mercerized, or given 
similar treatment (Huergo) 

Testing 
Apparatus for studying destruction of textiles by chemicals 

(Nagatkin and Artemova) 
Textile testing in Germany [abrasion] (anon.)........... 
See also Abrasion; a test; Water-vapor permeability ; 
Weathering ; Yar 

Testing chamber, tropical cesltes chamber (Cooke and Vicklund) 

Textile developments 
Developments in textiles in 1945 (Harris and Frankenberg) . 
Recent textile developments in Britain (Hall) 

Textile developments in Germany (anon.).............+++ 

Textile industry 
Textile industry in Australia (Fletcher). 

Shanghai textile plants (anon.) 

Commercial relations with Finland (anon.).............-- 
Italy's textiles: vital factor in rehabilitation (Poole) 
Japanese textile industry surprised investigators (Rowe). 
Polish textile industry (Manitius) 

Soviet textile industry (Karasin) 

Textiles in Yugoslavia (Kekitch and Kennedy) 

Textile machinery . 

Novel ideas in Swiss textile machines (Ruti Textile Machin- 
ery Works, Switzerland) 

Modern Swiss textile machinery (anon.)..............-+5 

Swiss automatic winders and looms (Williams) 

See also Activity recording instrument 

Textile progress 
Current textile progress (Hall) 

Review of current textile progress (Hall) 
See also Starch 

Textile show—Show in print (anon.)...............000e cere 

IS PES TOE HOO) iso oso sce eres ere cienecbe'eer 

Textiles: See Electrical energy 
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INDEX 


No. 


Thermodynamics of mixtures 
Statistical thermodynamics of mixtures with zero energies 
of mixing (Guggenheim) 
Statistical thermody namics of mixtures with non-zero 
energies of mixing (Guggenheim) 
Thermoplastic leather-resinoid (Colin-Russ) 
Thickness gauge for textile materials (McDonald) 
Tire cord 
Fatigue failure of rayon tire cord (Waller and Roseveare) 
9 460; 11 
Better tires from cotton (Teuton) 9 
Moisture relations of tire cords in tires (Wakeham, Honold, 
and Portas) 
General relations for flow in solids and their application to 
the plastic behavior of tire cords (Lyons) 
Tire fatigue machine (Kenyon) 
See also Fatigue test 
Titrimetric procedures using Karl Fischer reagent (Wernimont). 


Ultraviolet light: See Cellulose acetate 
Union fabrics: See Shrinkage _ 
Urea derivatives instead of urea for textile treatments (anon.) 
141; 5 


Vectographs—Army inspection technique to aid textile industry 
(Schoenfelder) 
Vegetable oils—Solvent extraction of cottonseed and peanut 
oils (Pollard, Vix, and Gastrock) 
Viscose 
Determination of total sulfur and of gamma number of 
viscose (Barthelemy and Williams) 
Factors influencing filtration of viscose (Risto Vuori, - 
Centrallaboratorium ) 
Filtering properties of viscose (Samuelson) 
See also Dyeing; Fibers; Spinning 
Viscose solutions, factors affecting the filterabiiity of (Vuori)... 11 
Viscosity 
Dependence of viscosity on velocity gradient in very dilute 
suspensions and solutions (Kuhn and Kuhn) 
Rapid_ method for determining cuprammonium viscosity 
(Committee on Analysis, Cellulosaindustriens Central- 
laboratoriums) 
Dilute solution viscosity of heterogeneous high polymers 
(Spencer and Boyer) 
Relation between molecular weight and intrinsic viscosity of 
polymethyl methacrylate (Baxendale, Bywater, and 
Evans) 
Explanation by means of a model of the inner viscosity (form 
viscosity constant) of fiber molecules, I (Kuhn and 
Kuhn) 
Viscous flow, molecular mechanism of (Alfrey)................ 


Warps: See Weaving 
Washing 
Large-scale washing of staple rayon (Richter) 
See also Fabrics 
Wastes 
Industrial wastes in Connecticut and their treatment (Wise) 
Radio-frequency heat for farm waste plastics (Rosenthal). 
Kier waste liquor (Patel) 
Sulfide wool wastes endanger sewer system (Rawn)........ 
Water: See Bacteria; Rayon 
Water absorption: See Cellulose; Wool 
Weesermrodeur, textile (ANG). oo. ois sc cadens secweecss s 
Water-repellency 
The Quartermaster fights the weather (Lee) 
Water-repellency of fabrics and a new water-repellency test 
(Baxter and Cassie) 
Water-vapor permeability 
Measurement of the water-vapour permeability of textile 
fabrics (Pierce, Rees, and Ogden) 
ieee permeability—what it is and how it works 
(Aiken, Doty, and Mark) 
Water-vapor-permeability tester (Carson and Worthington) 9 
Wear: See Abrasion 
Weathering 
Some variables in weathering tests of textile fabrics (Backer 
and Harwood) 
See also Dyes 
Weaving 
Weaving of tender and oversized woolen warps (anon.). 
See also Looms; Rayon crepes; Shuttles 
Wettability: See Fibers 
Wetting agents 
Constitution and effectiveness of wetting agents (Gétte)... 11 
Efficiency of wetting agents (Krishnappa, Doss, and Rao). 8 
Industrial use of surface-active agents (Ackley). ESE) 
Method of determining organically combined sulfuric an- 
hydride in surface-active products (DuBose and 
Holland) 1 dete 


Winding 

Winding, doubling, and twisting of rayon and silk yarns 
RSRMRERIEON gD aie Ce sat scalar and % arte war aE a abs wos. tt, och Sin Ea a EL 

New, fully automatic, pirn winding machines (anon.). 

Automatic winding of warping cones and cheeses (anon. . 

New high-speed winding and warping machinery (anon.).... 

Wool 
Chemistry and technology of wool 
I. Some relationships between the constitution, prop- 
erties, and uses of wool (Speakman) 
II. X-ray interpretation of wool (Astbury) 

Absorption of acids by wool (Larose and Tweedie) 

Absorption of water by wool (Cassie) 

Sorption of vapours by keratin and wool (King) 

Colored effects on wool by new methods (Noble). 

Chemical treatment of wool which increases its rate of 
felting (Freney and Harris) 

Chemical composition and physical properties of bisulfited 
wool (Carter, Middlebrook, and Phillips) 

Frictional properties of wool fibers (Mercer) 

Twist in wool (Freney, Deane, and Anderson) 

Use of polymers to immunize wool against acid dyes (Lipson 
and Speakman) 

Data on wool-acid-water relationships (LaFleur) 

Structure of the cuticle of wool (Mercer and Rees) 

Rapid method for the determination of vegetable matter in 
wool (LeCompte) 

Notes on the estimation of vegetable material in scoured 
wool (Lipson) 

Growth changes in ‘‘tender’’ wools (Lang) 

Producing an even top (Robinson) 

Chemical aspects of the application of dust-laying oils to 
wool (Bayler and Weatherburn) 

Effect of dyestuffs on combing and spinning results (anon.) 

Formation of polymers in textile fibers (Lipson and Speak- 
man) 

Uric acid determinations on moth-damaged wool (Bolliger). 

Analysis of grease wool for clean content (LeCompte, Coe, 
and Gold) 

Chemical aspects of wool protein behavior (LaFleur) 

Bacterial degradation of woolen felts (Binns)...... 

Wool [wool futures trading] (anon.) 

Export angles of Britain’s woolen-worsted industry (Skalka) 

Indian wool industry—noteworthy experiment at Patan 
(Shah) 

Investigations of the production, transportation, and 
marketing of wool (Hearings before the Special Com- 
mittee to Investigate the Production, Transportation, 
and Marketing of Wool, U. S. Senate) 

See also Carding; Dyeing; Dyes; Felting; Heat; Protein; 
Rayon; Shrinkproofing ; Weaving 

Wool fat, constituents of, I, II, and III (Velluz, Lederer, Daniel, 
and Tchen) 

Wool research—Wool industry research in the war years (anon.) 

Woolens: See Printing 

Worsted 

Worsted yarns effectively spun on cotton frames (Cleyn)... 

Fibre-breakage in worsted carding (Townend and Spiegel). . 

Short-cut methods in worsted drawing (anon.)............ 


Xanthic acid derivatives (Bulmer and Mann) 
I. Preparation and comparative properties of isomeric 
xanthates and dithiocarbonates 
II. Thermal decomposition of disulfurdicarbothionic esters 
III. Interaction of carboxylic acid chlorides and potassium 
ethyl xanthate 
IV. Interaction of sulphony! chlorides and potassium ethyl 
xanthate 
siete diffraction, application of, to chemical problems (Mat- 
thews) 
Xylose, quantitative estimation of (Breddy and Jones)........ 


Yarn 

Modern yarn conditioning (anon.) 

Finishing of iron yarn (Hoffmann) 

Testing of yarns and fabrics (Eyre) 

Automatic sliver and roving regularity tester and an auto- 
matic yarn regularity tester (Anderson, Cavaney, 
Foster, and Womersley) 

Description and use of (1) the Photographic Yarn Regularity 
Tester, and (2) the Photographic Sliver and Roving 
Regularity Tester (Anderson, Cavaney, Foster, and 
Gregory) 

Plexon-plastic coated yarn (anon.) 

Woolen yarn twist (Pero) 

Measurement of the weight variations in cotton, roving, 
and yarn (Cavaney, Foster, and Gregory). 

Yarn appearance photographic standards (DeL aRama, ‘Jr. ) 

Coil tester accurately gages yarn diameters (McKenna). 

See also Adsorption; Cotton; Flax; Rayon; Shuttle furring ; 
Stretching; Winding; Worsted 
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Amphibious suit, German, EB Reg. No. 
ERAINOOT TOUR) 5 o -:9:<16 055-000 04 
Asbestos textile industry (Cryor)....................0005- 
Calorimeter—Measurement of heat of dilution and heat of wet- 
ting with an underwater metal block calorimeter (Lauer 
NRPS 8 Sa ic cigcin a homie wales ate n warble aie © a oud Sniace eta 


Cellulose _ : ; 
Study of use of other materials than wood or cotton as 


epurces Gf cellulowe- (WAP) 6.6. ook tees seacececces 
See also Fiber 
Coated fabrics 
The measure of flexibility and resiliency of coated and 
laminated fabrics; a memorandum report (Mendelson) 
Determination of adhesion of plies of coated fabrics (U. S. 
Quartermaster Depot, Jeffersonville, Indiana)........ 
Survey of the coated fabrics industry in Germany (Lott 
EE RD omc rer eri ta CL eWane ery a cans care 
See also Insulation 
Coatings—Chemische Werke 
[resin coatings] (Bidlack) ; 
Cotton exports—Factors relating to prospects for exporting U. 
cotton to Germany (with limited information on Italy as 
Switzerland) (Jackson) 
Cotton yarns—German turkey-red dyed cotton yarns of high fast- 
ness (Dahlen and Pingree) 


Albert Biebrick, near Wiesbaden 


Deterioration 
Deterioration of protective clothing stored in standard pack- 
ing boxes on the island of Oahu (Smith, Jr.). : 
Probable mechanism of deterioration in processed HBT’s and 
a simple preconditioning treatment to prevent (Haas 
RRND. oi oet Stacie kk eek R ban see reioee Oe 
Documents relating to textile research, Melliand Textilberichte, 
III EE 6c ZENS cu inh pln io arletin nebo 6% ect el 
Dyeing 
Dyeing and eee of woolens and worsteds in Germany 
(Grimes) . 
Observations on 1 dy eing and finishing methods in Germany 
(Rabold)... 
Some aspects of rayon and synthetic fabric dyeing and proc- 
essing in Germany and Austria (Jackson, Jr.)......... 
Dyeing of hosiery in Germany (Smith) 
Dyeing of spun rayon and rayon filament yarn in mechanical 
apparatus in Germany (Smith). .............03-000. 


Dyes 
Properties and application of indanthrene dyes (I. G. Farben- 
industrie, Frankfort on the Main)................... 
Register of products: Dyes and dyeing agents: Alphabetic 
part (3rd edition) (I. G. Farbenindustrie, A. G.)...... 





German dyestuffs and intermediates; sodium hydrosulphite, 
sodium sulphoxylate: Industries (Holmes). 

Development of new dyes and color application processes 
in Germany and Italy during World War II (Dahlen). 


Education 
Textile education in Germany (Fales and others)....... 
Knitting courses at the Technikum fiir Textilindustrie 
Reutlingen (Wiirttemberg), Germany (France)....... 
Embossing—Producing durable embossing on rayons and a 
machine for =: embossed fabrics (with a 
formulas by I. G. Farbenindustrie) (Jackson). aw 
Emulsifying agents, German chemical de velopments | in (Hoy t). 


Fabrics 

German pile fabrics for peanensiiaie’ and wearing apparel 
(Repp) teste Patna hae a a eau Dine Stihe de yaoi "4: 

Pile fabrics, Johs. Girmes -& C Oo.  Oedt, Germany (Repp)... 

Investigation of the German narrow fabric industry (Hol- 
OO SS SI EOE oe See eee na ae ae Seen 

German Army standard uniform c loth, ‘‘Einheitstuch” (von 
SN RE TRAE Ree Ee alae ener pes ee ee 

Developments in protec tive clothing in Germany (Burton). 


physiological appraisal of ten 
and Galligan).. 


Uniform, jungle, types of 
fabrics (Christensen, Silver, 
Resistance of cellulose acetate, nylon, and other fabrics to 
attack by insects, Jan. 27—Mar. 6, 1943 (Goddin). 
Felt—Manutacture of non-woven or deancenae woolen felt in 
Germany (Stevens) . ‘ 
Fiber processing—Textile reconnaissance me morandum No. 20, 
Emmendingen, Germany, June 20, 1945 (Meierhans and 
| ISG ee arene > ee apa napa 
Fiber structure—Fine structure and textile properties (Kratky ® 
Fibers 
Faserstoffe |Fibers] (Riechers) . 
Records of work on wool-type acetate staple fiber: 
inella, a Wacker product (Smith). .... 
Hollow fiber, cellulose production, and stoll abrasion tester. 
Siiddeutsche Zellwolle, A. G., Kelheim Plant, Kelheim 
1 ee eee ant et 
Quellfestmachung Fasern (Parts 2, 3, 4) 
fibers] (Lauer and others). 
Fiber photomicrographs at I. G 
Germany (Ward)....... 
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Farbenindustrie, 


Field jacket, development of an intermediate- weight 
Clothing 


Depot, Brooklyn, N. Y.) 
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Finishing 
Textile finishing treatments (Pingree and Dahlen)........ 


Fabric finishing operations for cotton and viscose at 
BERNE UieemntE TICUBUERD ing i oo ok aie 6 <8 woe deeds 
Protection of textiles and related products from damage by 
molds, fungi, insects, and flame (Crossley)........... 
German technical developments in textile finishing processes 
Se EE ORO he rete Lee A Le ae ae) es 
German methods for finishing rayon fabrics (Jackson)..... 


German finish for spun rayon fabrics combining water- 
repellency, crease-resistance, and low residual shrinkage 
PRES ic! aie cic st we Sa dete mie Sie Wa caetiese Sack ates & 


Textile finishing machinery for cotton and rayon piece goods; 
Jacquard machines for looms weaving figured cloth, by 
Sh RR MCMMY 5 ooo a dias a:b wee aw. oa Eas ewe Rie 6 


Fireproofing—Close-out Project T-17, fabric, fireproof (Mc- 
Na Aor sg Sire: Gini aha ns ae he aoe pea oreo nnd atraberd Aiea ad A oe 
Flameproofing treatment—Clothing, HBT, effect of flameproot 
treatment on (U. S. Climatic Research Laboratory, Law- 
ON NT a5 ik 0's xi 6 10-w x Sos ea ln er aw ace Sree a hes Red 
Flax and hemp 
Preparation of flax and hemp fibers in Germany (Robinson) 


Preparation of unretted green or natural and cottonized 

flax and hemp fibers (Robinson) 

Gminde A. G. (cottonized flax pengect 

Reutlingen (Eustis) 

Italian hemp industry ( 

Flying suit 

Chemically treated emergency flying suit (Schade)......... 

Milkweed-filled flying suit (Maham). . 

Report on construction of a special protective garment to 
prevent cooling off in water (Schiefer and Kropf) 

Special protective garment for aviators (Seenoltschulzgerat) 

(Kern and others) 

German aviation exposure foam suit (Andrews, Jr.) 

German emergency flying suit (Jayne). 

Two samples of a special type of German flying suit acquired 

at the Travemunde (Honsinger) . 

Footgear, Tests on, for trench foot (Libet) 


(Flockenbast) at 


German Textile industry 
Survey of the German cotton, 
(Hill and others 
Glass fiber 
Fibrous glass textile industry (Leisenring) . ; 
Fiber-glass weaving by Rheydt Glas-W eaving ¢ ‘ompany, 
«Walter Klevers, Rheydt near Miinchen-Gladbach 
RI go x cisek br clas sleek S he RR Ame ewe Slee 
Flexibility test of coated fiberglas material (Burstein) . 


I. G. Farben * 


and silk industries 


rayon, 


Publications at I. Farben laboratory building, Héchst 
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I. G. Farbenindustrie A. G., Mainkur Works, Fechenheim 

RIED 5: a.5< pS: < oo wind 6 wine -e ous ew ebb aw eats aie oe walen aa ae 
Impregnation 

Impregnation of herringbone twill with dimethyl phthalate 


and various fixatives (Glickman)..............4 183; 
Insulation 
Effect of wind on the insulation value of windbreak and other 
NO CRNIINE nis'g donk os ccs SHORE DS Cra AREA 
Thermal insulation of clothing by measuring increases in 
Nah Ue WNIT AEAIOED oc ani saa5 «0c ode 04.008 <a wens 
Air layers: Thermal properties when bounded by surfaces 
of high and low emissivity (Goddard and Van Dilla). . 
Overcoat, wool, roll collar versus jacket, field, M-1943, 
thermal insulation, moisture uptake, and utility (Clin- 
NT 66:8. 66 OOS AREA RECE RENEE DOE AOA OD HORE CO Oras 
Thermal transmission of fabrics: Review of pertinent litera- 
ture (Ccodmare and Vat TG) «occ sc caccasiavicces 
Development of special cold-wet-weather clothing: Mittens, 
suit, and boots (U.S. Navy Dept. Naval Clothing Dept., 
NE 6 har oe cera es ek ae OR OE 
Effective insulation of Army Air Force clothing (Gagge). 
Effective insulation of Army Air Forces flying clothing—its 
effect on the onset of sensible perspiration (Gagge).... 
Parka and trousers, wet weather; contfort, utility, moisture 
accumulation, and warmth during exercise; comparison 


of vinyl-resin-coated and Buna-S-coated (Clinton, 
Morris, and Galligan) «oi. 65602 csweseveeessaess cess 
Simplification of clothing; thermal insulation, weight, 


moisture uptake, and utility of seven uniform as- 
semabiies (CULO WHE OCONEE) § o6 660k cisicire cece gens 
Uniforms for climatic zones 2 and 3 (Clinton and others). . 


Kapok, buoyancy studies of fiber substitutes for (Tiller). ...... 
Knitting ; 
Circular knitting and its development in Germany since 1930 
ee eS) ee ree eee 

Circular knitting and its development in Germany since 
1930; supplement (Hanes, Jr., and Rosenquist)....... 
Full-fashioned and warp knitting industry in Germany; 
supplement (Winkler and Fiedler).................. 
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Laundering properties of fabrics, Grosswascherei Raatz, 
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Loom-making in Germany; textile machinery 
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accessories, by 


Mildewproofing and rotproofing cotton fabrics with a combination 
of copper naphthenate and compound G-4T (Givaudan- 
Delawanna, Inc.) 


Nomenclature—Glossary of some German names for chemical 
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Plastics 
Bearing strength of plastic materials (Schwartz and Dugger 
Variation of tensile strength and elongation of plastic 
materials with temperature (Schwartz).......... : 
I. G. plastics activity (Bellamy, Nilsson, and Haught). . 
Fabrication of plastics, I. G. Farbenindustrie, Wolfen 
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Printing—Textile printing industry in Germany (Broadbent ) 
9 470; 
Processing—German textile processing and equipment (Richard- 
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Proteins—Industrial proteins, Karl Freudenberg, A. G. (Mark- 
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Rayon 
Rayon weaving and throwing industry in Germany (Geier) 
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Rayon throwing at KUAG (Kunstseiden Fabrik, A. G.), 
Waldniehl near Miinchen-Gladbach (Geier) : 
Proc essing of rayon staple fiber on cotton-spinning machin- 
ery in Germany (Hunter and others)...... 
Processing of spun rayon yarn in Germany (Chapuis) . 
Viscose continuous and rayon staple fiber plants of the 
British, American, and French occupation zones of 
Germany (Hemsley and others)..... 
Manufacturing of rayon piece goods, 
webereien, A. G., Krefeld (Geier) . . 
Research 
Arbeitsring fiir synthetische Faserstoffe—Dipl.-Ing. Dr. 
Dérr [Reports on activities of a research group working 
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Reichsforschungsrat, Germany 
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